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P   R    E    F    A    C  E. 

WHEN  confidered  in  that  extent  of 
which  the  fubjedl  is  fufceptible, 
Medicine  appears  to  be  of  the  utmoft  con-  ' 
fequence  to  mankind.  But  notwithftand- 
ing  its  importance,  it  does  not  feem  to 
have  been  generally  ftudied  upon  juft 
principles  :  For  the  fadl  muft  be  acknow- 
ledged, that  the  Healing  Art  has  made 
a  flower  progrefs  towards  improvement 
than  almoft  any  other  branch  of  Science. 
Whatever  changes  and  new  modifications 
the  dodlrines  of  Medicine  may  have  un- 
dergone, medical  pradlice  has  continued 
almoft  invariably  the  fame,  among  every 
fedl  of  Phyficians,  fince  the  days  of  Hip- 
pocrates, till  nearly  the  prefent  time. 

Since  a  juft  method  of  philofophifing 
has  been  employed,  we  obferve  a  remark- 
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able  tihange  to  have  taken  place  in  every 
department  of  Science.  Reafoning  from 
preconceived  opinions,  and  vague  hypo- 
thefes,,  has  given  place  to  conciufions 
founded  upon  the  indudlion  of  fadts  which 
are  either  felf-obvious,  or  eftabliihed  by 
the  fure  teft  of -experiment.  Guided  by 
this  unerring  plan,  truth  has  been  made 
to  triumph  over  error,— afTumed  theories, 
unfupported  by  fadls^  are  in  a  great  mea^ 
fure  baniihedj — and  the  fciences,  and  arts 
conne(5led  with  them,  are-refpe6tively  ar-^ 
rived  at  a  degree  of  perfedlioa  proportion- 
ed to  the  extent  which  fuch  a  mode  of 
cultivation  has  been  purfued. 

It  is  however  very  generally  admitted, 
and  it  is  much  to  be  regretted,  that  the 
fame  obfervations  cannot  with  juftice  be, 
applied  to  Medicine.  '  ,  Why  has  not  the 
fame  rapid  improvement  been  made  in 
this  fcience,  as  in  other  branches  of  phi- 
lofophy  ?  Are  the  principles  of  indudive 
philofophy  inapplicable  to  Medicine  ?  or 
fcave  the  generality  of  thofe  who  have  pur- 
fued 
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fued  this  Iludy  not  availed  themfelves  of 
tliefe  principles  ?  To  fuppofe  that  the  fame 
methods  by  which  truth  is  difcriminated 
from  error  in  other  branches  of  hurnan 
knowledge,  will  not  apply  to  the  Healing 
Art,  is  an  evident  abfurdity.  The  opera^ 
tions  of, Nature  in  the  animal  body,  whe- 
thef  in  the  ftate  of  health  or  difeafe,  are 
conducted  according  to  fixed  laws.  It  is 
certainly  poffible,  from  obfervation  and 
experiment,  to  afcertain  thefe  laws ;  and 
from  hence  to  deduce  juft  rules  for  the 
pfefervation  of  health  and  cure  of  difeafe. 
It  muft  however  be  confeffed,  that  true 
philofophy  has  not  at  all  times  been  em- 
ployed in  the  profecution  of  medical  flu- 
dies. 

A  few  years  only  have  elapfed,  fince  an 
attempt  was  made  by  the  late  Dr  John 
Brown,  to  apply  the  principles  of  modern 
fcience,  for  the  cultivation  of  the  Healing ' 
.  Art.  It  is  not  intended  here  to  inquire, 
how  far  he  fucceeded  in  the  execution 
of  this  important  tafl^.     But  there  are 
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many  reafons  to  conclude,  that  this  au- 
thor has  been  led  into,  coniiderable  mif^ 
takes,  arifmg  from  his  unlimited  fimplifir 
cation  of  caufe  and  effect.  The  fa(5t  how- 
ever is  indifputable, .  that  this  new  fyftem 
has  produced  a  more  remarkable  revolu- 
tion, both  in  the  theoretical  and  pradical 
departments  of  this  branch  of  fcience,  than 
is  to  be  found  throughouit  the  whole  hif- 
tory  of  Medicine.  Under  all  the  former 
dodlrines  of  this  Art,  and  under  almoft 
every  modification  of  difeafe,  we  find  an 
univerfal  famenefs  in  the  method  of  cure. 
Bleeding,  purging,  vomiting,  and  every 
Other  mode  of  evacuation,  were  indifcrimi- 
nately  applied,  in  almoft  every  difeafe :  and 
even  in  thofe  cafes  in  which  ftimulants  wer^ 
employed,  or  an  invigorating  plan  of  cure 
purfued,  thefe  were  frequently  alternated 
with  evacuants,  as  if  certain  difeafes  could 
not  be  eradicated,  except  by  the  oppolite 
means  of  inducing  debility  and  vigour  at 
the  fame  time  in  the  body.  Argument 
certainly  unneceffary  to  prove  the  im-? 

I  prqpriety 
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propriety  of  employing  totally  diffiinilar 
powers  to  combat  the  fame  difeafe. 

} 

The  pradlice  founded  on  the  new  the-  , 
~  ory  in  ^  one  refpe^l  refembles  the  old,  as 
the  fame  method  of  cure  is  employed  in 
the  far  greater  number  of  difeafes.  The 
old  theoriftsMiniverfally  applied  evacuants, 
and  endeavoured  to  debilitate  the  fyftem 
by  every  means.  The  application  of  fti^ 
mulants  is, nearly  as  univerfal,  on  the  prin- 
ciples of  the  new  theory.  According  to 
tlie  aflertion  of  its  author,  this  plan  of 
,cure  ought  to  be  employed  in  the  propor- 
tion of  ninety-feven  difeafes  in  the  hun- 
dred. If  this  opinion  is  founded  in  the 
nature  of  things,  what  havock  muft  have 
been  produced  by  the  oppofite  method 
during  the  courfe  of  two  thoufand  years  ? 

It  is  however  to  be  feared,  that,  upon 
a  moderate  calculation,  both  the  bene- 
ficial and  pernicious  tendency  of  either 
ipode  of  pra<5tice  is  nearly  in  an  equal 
ratio,  in  proportion  to  the  time  of  their 

refpedlivQ 
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refpedlive  reigns.  Mankind  hitherto  have 
had  a  wonderful  tendency  towards  'rufh- 
ing  into  extremes.  '  In  no  cafe,  perhaps, 
is  this  fad  more  fully  exemplified,  than  in 
the  inftance  now  before  us  :  For  '\i  (as 
has  been  alTerted)  the  pradice  under  the 
old  theories  has  had  a  tendency  more  fre- 
quently to  produce  death  than  to  cure 
difeafe,  it  is  ftill  perhaps  problematical, 
whether  that  of  more  modern  date  does 
not,  in  many  inftanees,  produce  the  fame 
effect,  by  employing  an  oppofite  caufe. 
For  there'  is  reafon  to  belicA^e,  that  this 
pradlice  has  been  carried  to  the  extreme, 
by  thofe  who  are  acquainted  with  the  prin- 
ciples upon  which  it  is  founded,  ahd  alfo 
by  thofe  who  are  guided  merely  by  the  u- 
niverfal  principle  of  imitation.  The  me- 
thod, however,  which  the  author  of  it  ad- 
opted, for  analizing  the  Heahng  Art,  has 
been  found  of  the  utmoft  importance  for 
profecuting  difcoveries  in  every  other 
branch  of  Science  ;  ■  and  there  are  good 
grounds  to  hope,  that  by  ftill  purfuing 
the  fame  plan  with  caution,  Medicine  will 

progreffively 
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progreffively  become  a  mod  valuable  ac- 
quifition  to  fociety. , 

To  efFe(5l  this  important  purpofe,  ought; 
to  be  the  chief  bufinefs  of  every  one  who 
has  devoted  himfelf  to  the  ftudy  of  this 
fcience.  That  much  ftill  remains  to  be 
done,  muft  ,be  granted. 

In  the  following  Eflay,  an  attempt  has 
been  made  to  ftate  tht  Gaufes  and  Pheno- 
mena of  Animal  Life,  and  the  varioiij 
changes  to  which  the  body  is  liable,  by 
the  increafed  or  diminiihed  a(5lion  of  thofe 
powers  which  produce  life,  or  of  others 
to  the  operation  of  which  the  animal  body 
may  be  fubjedled.  An  accurate  know*- 
ledge  of  the  caufes  by  which  animal  life 
is  produced  and  continued,  and  the  va- 
rious changes  to  which  the  body  is  liable, 
feems  to  be  the  bafis  upon  which  only  a 
juft  medical  theory  and  pradlice  can  be 
founded.  With  what  fuccefs  the  fubjedt 
has  been  treated,  muft  be  left  to  the  de- 
termination of  the  reader.    That  it  is  in 

many 
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many  refpeifls  deficient,  arifing  from  the 
brevity  with  which  fo  extenfive  a  fubje(5t 
has  been  treated,  and  from  the  imperfedl 
ftate  of  ouf  knowledge  with  regard  to  the 
laws  of  animated  nature,  the  Author  is 
ready  to  admit ;  and  it  may  contain  er- 
rors of  which  he  is  not  confcious.  If  thefc 
are  candidly  pointed  out,  he  will  cheer- 
fully fubniit  to  corredion. 

The  Anatomical  Part  might,  perhaps,  in 
the  opinion  of  fome  readers,  have  been 
fpared.  To  the  Author,  however,  it  feem- 
ed  abfolutely  neceffary  for  the  illuftration 
of  the  fubjedl.  It  is  chiefly  abftraded 
from  modern  v/riters,  and,  in  fome  in-' 
ftanees,  almoft  literally. 


ON 


ON  THE 

CAUSES  AND  PHENOMENA 

OF 

ANIMAL  LIFE. 


THE  works  of  Nature,  which  may 
be  properly  comprehended  under* 
the  two  divifions  of  organic  and  inorganic 
matter,  exhibit  an  almoft  infinite  variety 
of  produdlions,  apparently  diflimilar,  yet 
fo  intimately  connected ,  that  each  indi-* 
vidual  feems  necefTary  to  the  whole.  Un- 
der each  of  thefe  forms  we  obferve  mattet 
fubjecled  to  perpetual'  viciflitude.  A  feries 
of  decompofitions,  and  of  the  formation 
of  new  bodies,  regularly  fuccsed  each 
other.  It  is  the  bufinefs  of  philofbphy  to 
colled  the  various  fads  which  nature  offers 

A  to 
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to  our  obfervatlon,  and  from  a  proper  ar- 
rangement of  thefe  fiids,  on  the  principles 
of  indudlion,  to  afcertairi  the  general  laws 
by  which  her  operations  are  d,ire(5led  :  or 
in  other  words,  to  difcovef  thofe  mutud 
relations  which  fubfift  between  the  various 
fubftahces  which  form  the  natural  world* 

The  clianges  which  take  place  on  inor- 
ganic matter,  the  decompofitions  which 
are  effedled,  the  new  fubftances  which 
are  produced,  with  the  forms  and  qualities 
which  they  alTume,  are  known  to  depend 
upon  what  are  termed  the  laws  of  che- 
mical attraction  or  affinity.  .Thefe  are, 
in  fa.<St,  immutable  relations  fubfifling  be-- 
tween  the  various  fpecies  of  matter.  Two 
of  more  given  bodies  will,  at  all  times, 
if  placed  in  fimilar  circumftances,  exhibit 
the  fame  phenomena.  Anomalous  cafes 
of  chemical  attradiion  were  indeed  for- 
merly fuppofed  to  exift;  but  in  proportion 
to  the  increafe  of  our  knowledge  upon  this 
fubjecSl,  by  accurate  inveftigation,  thefe 
fuppofed  anomalies  have  difappeared,  and 
we  bave  obtained  the  moft  convincing 
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proofs  that  on  inorganic  matter  nature 
operates  by  invariable  laws. 

The  fame  uniformity  of  operation,  we 
muft  neceflarily  conclude,  takes  place  in 
the  formation  of  organized  fubftances,  and 
in  the  produdlion  of  the  various  pheno- 
mena which  they  exhibit.  They  are  not 
governed  by  precifely  the  fame,  but  by 
equally  ftxed  and  invariable,  laws.  The 
formation  of  an  organized  body,  whether 
animal  or  vegetable,  and  the  prbdudlion 
and  continuance  of  that  fpecies  of  life 
which  it  pofTelTes,  with  all  its  phenomena, 
depend  on  immutable  relations  fubfifting 
between  various  fpecies  of  matter. 

The  defign  in  this  effay  is  to  inftitutc 
an  enquiry  concerning  the  caufes  and 
-  phenomena  of  animal  life,  particularly  in 
thev  human  fpecies.  The  impoi;tance  of 
the  fubjed:  will  be  generdly  admitted ;  for 
the  prefervation  of  health,  and  the  cure  of 
difeafes,  muft  materially  depend  upon  a 
juft  knowledge  of  the  caufes  by  which  the 
phenomena  of  life  are  produced  and  con- 
tinued,   In  the  profecution  of  this  ful>- 
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jedl  I  fliall  ftudioufly  avoid  hypothetical 
opinions,  and  fliall  endeavour  to  deduce 
the  theory  vsrhich  I  hope  to  eftablifh,  from 
indifputable  fadls.  Where  the  operations 
of  nature  ekide  our  refearches,  we  muft 
neceflfarily  clofe  the  enquiry. 

The  phenomena  of  life  in  the  human 
fpecies,  have  been  attributed  to  the  union 
of  an  immaterial  fubflance  to  the  corporeal 
frame.  It  is  not  intended  here,  to  deny 
the  exiftence  of  foul  or  fpirit,  whether 
,  purely  immaterial,  or,  otherwife  ;  but  we 
cannot  admit  that  the  animal  life  in  the 
human  fpecies  is  produced  by  the  prefence 
of  fuch  a  diftindl  fubflance,  becaufe  we 
obferve  the  fame  fpecies  of  life,  the  fame 
animal  fun<5lions,  poffefTed  by  the  inferior 
orders  of  the  animal  kingdom.  Some- 
thing analogous  to  animal  life  is  alfo  fuf- 
ficiently  obvious  in  the  vegetable  king- 
dom, though  in  a  lower  degree;  and  no 
one,  it  is  prefumed,  will  be  inclined 
Ivippofe  the  exiftence  of  fpirit  in  vege- 
tables. The  notion  of  an  animal  foul, 
by  which  all  the  functions  of  body  are 
^  directed, 
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dire(5led,  is  mere  hypothefis,  unfupported 
by  a  fingle  fa(5l.  The  archaus  of  Van 
Helmont,  and  the  vis  med'icatrix  natura  of 
later  phyfiologifts,  whether  intended  to 
exprefs  fubftances  diftindl  from  body,  or 
only  certain  powers  pofTefled  by  orga- 
nized matter,  feem  too  much  founded 
upon  fancy  to  defer ve  a  particular  c(^n- 
fideration. 

In  afcertaining  the  caufes  of  animal  life, 
it-is  neceffary  fir  ft  to  point  out  the  criteria 
by  which  we  diftinguifh  animate  from  in- 
animate matter.  ^  Thefe  are,  fenfation, 
perception,  and  motion.  By  fenfation,  we 
^  mean  diftin(5l  feelings  of  pain  or  pleafure, 
produced  by  the  operation  of  various 
agents.  By  perception,'  we  denote  the 
confcioufnefs  of  fucK  feelings.  The  term 
motion  it  is  tmneceflary  to  explain^  Thefe 
properties  we  perceive  exifting  a  greater 
or  leffer  degree  in  all  animals.  In  man, 
and  the  other  nobler  animals,  they  exift 
in  the  higheft  degree.  In  the  inferior  or- 
ders, we  obferve  the  powers  of  life  more 
circumfcribed ;  yet,  in  as  far  as  we  per- 
ceive, 
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ceive,  that  they  have  organs  fimilar  to  our 
own,  and  that  when  a(5led  upon  by  cer- 
tain powers,  the  fame  phenon^cna  are  pro- 
duced in  them  as  in  ourfelves,  we  muft 
infer  that  they  polTefs  the  fame  properties. 

The  exiftence  of  thefe  properties,  fen- 
fation,  perception,  and  motion,  are  the 
fole  criteria  of  life,  and  thefe  are  produced 
'  by  the  a(5lion  of  certain  powers  or  agents. 
The  rays  of  light,  refledled  on  the  retina 
from  any  fubftance,  produce  the  fenfation 
called  fight :  the  undulating  motion  of 
the  air,  arifing  from  the  vibrations  of  a 
fonorous  body,  produces  the  fenfation  o'f 
found,  or  hearing  :  the  contacfb  of  ano- 
ther fubftance  conftitutes  feeling  :  and  the 
operation  of  the  mental  fundlion,  or  of 
any  chemical  or  mechanical  ftimulus,  on 
mufcular  fibre,  produces  motion.  '  The 
pofTeflion  .of  thefe  properties  diftinguiflies 
living  from  dead  matter.  Now  we  cannot 
account  for  thefe  properties  upon  any  me- 
chanical principles ;  nor  can  the  moft  ac- 
curate inveftigation  of  the  ftrudlure  or 
cpuftituents  of  the  auimal  body,  difgover 

the 
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the  caufe  of  that  ca'pacity  which  we  ob- 
ferve  in  organized  matter,  of  being  thus 
a(5led  upon  by  the  different  powers  wl;iich 
excite  rnotion  or  produce  fenfatiou.  The 
anatomift  may  trace,  and  fhow,  to  a.  cer- 
tain degree,  the  diftribution  of  particular 
nerves,  blood-veffels,  and  mufcular  fibres : 
the  chemifl  may  exhibit  their  conftituents, 
by  the  laft  refult  of  analyfis  :  but  however 
important  their  labours  are  in  other  re- 
fpedis,  hitherto  they  have  not  thrown  any 
light  on  that  peculiar  capacity,  which  we 
obferve  in  animal  bodies,  of  being  adled 
upon.;  the  confeqij^ence  of  which  adlion  is 
the  produdlion  of  the  phenomena  of  life. 
We  are  reduced  therefore  to  the  neceffity  pf 
concluding,  that  this  capacity  depends  {im- 
ply upon  a  peculiar  organization :  and  that, 
by  feveral  modifications  of  that  organiza- 
tion, the  body  is  rendered,  in  its  'various 
parts,  fufceptible  of  the  a(5lion  of  different 
powers,  by  which  all  the  fenfitions  and 
motions  are  excited.  The  mofl  diftindt 
notion  tha.t  we  can  obtain  of  life,  perhaps, 
is,  that  it  is  a  ftate  produced  in  organized 

bodies, 
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bodies,  by  the  operation  of  certain  agents. 
Mere  organic  flrnclure  is  notiiifBcient  to 
account  for  the  phenomena  of  life  :  it  is 
neceiTary  that  this  organized  matter  fliould 
be  adled  upon  by  powers  fiiited  to  its  <  na- 
ture and  flrudlure,  by  which  its  fenfations 
are  awakened,  and  every  part  is  excited  to 
action.  There  is  an  immutable  relation 
fubfifting  between  the  different  powers  or 
agents,  and  the  organized  bodies  upon 
which  they  operate,  depending  on  the  pe- 
culiar nature  of  their  organization.  Thefe 
powers  a6l  not,  or  at  leaft  a(5t  in  a  very  difr 
ferent  maimer,  .upon  inorganized  matter. 
Their  operation  continues  invariably  the 
fame  upon  organized  ,  fubftances  while 
their  itrudlure  remains  unimpaired :  but 
if  the  organization  becomes  deranged  ta 
a  certain  extent,  thefe  powers  are  no  longer 
capable  of  producing  the  phenomena  of 
life ;  and  their  adtion  is  precifely  the  fame 
as  upon  inorganic  matter. 

If  it  is  indeed  true  that  we  cannot  afcer- 
tain  the  caufe  why  organic  matter  is  fuf^ 
ceptible  of  the  adion  of  certain  ag^ents;  if 

wc 
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we  can  only  perceive  the  effcds  of  thefe 
agents  upon  organized  >  fubftances,  but 
in  moll  infcanccs  cannot  difcover  the  mode 
of  their  operation  ;  and  if  we  can  only  efti- 
*mate  their  beneficial  or  injurious  powers, 
by  the  effe(5ls  which  follow  their  operation; 
it  mull  remain  as  an,  ultimate  fa(fl,  that 
the  fafceptibility  which  we  obf?rve  in  the 
animal  body  to  be  excited  by .  certain 
powers,  depends  upon  its  peculiar  orga^ 
,nization. 

The  capacity  which  the  body  pofTeiTes, 
of  being  excited  to  acflion  by  flimuli,  has 
been  termed  the  principle  of  (excitability. 
The  author  who  firft  employed  the  term 
affumed  it  as  an  ultimate  fadl :  and  fo  far 
was  he  from  endeavouring  to  explain  the 
caufe  of  that  excitability,  that  he  even 
deprecated  the  attempt  *.  T^his  however 
has  not  deterred  others  from  endeavouring 
to  afcertain  the  caufe  or  ;iature  of  '^hat 
principle.  The  mod  remarkable  attempt 
of  this  kind,  is  that  lately  made  by  Dr. 
Girtanner  f.    It  is  generally  known,  that  - 

♦  Vide  Element.  Med.  Brun.  vol.  I.  p.  6. 
f  Vide  Journal  de  Phyfique. 
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the  leading  principles  of  this  gentleman's 
theory  are  borrowed  from  the  writings 
of  the  late  Dr  Brown,  although  he  has 
not  acknowledged  the  fource  from  which 
they  were  derived.  To  the  theory  of 
Brown,  flightly  modified,  he  has  endea- 
voured to  apply  the  difcoveries  of  rhodern 
ehemiftry.  By  a  variety  of  experiments^ 
he  has  attempted  to  prove,  that  the  excita- 
bility of  the  animal  fyftem,  which  he 
choofes  to  ftyle  irritability,  is  entirely 
owing  to  the  prefence  of  oxygene :  or  in 
other  words,  he  aflerts  that  oxygene  is  the 
principle  of  irritability.  By  the  accumu- 
lation or  exhcCuflion  of  this  fubftance,  he 
endeavours  to  explain  the  mode  in  which 
the  various  agents  a6t  upon  the  body.  He 
has  indeed  almoft  folely  applied  his  reafon- 
ing  to  the  mufcular  fibre,  which,  in  his 
opinion,  becomes  more  or  lefs  irritable,  in 
proportion  to  the  quantity  of  oxygene  con- 
tained in  the  iyftem:  in  fhort,  all  the  phe- 
nomena of  life  appear  to  depend  upon  the 
prefence  of  this  fubftance.  Oxygene,  then, 
with  Girtanner,  fupplies  the  place  of  the 

vital 
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Vital  principle,  the  archcEus^  the  animal  foul, 
or  the  vis  medlcatrix  natures  of  former 
theorifts.  The  new  theory  has  indeed  this 
advantage  over  the  old,  that,  inftead  of 
vague  and  unmeaning  terms,  we  are  pre- 
fented.  with  a  fubdance  with  which  we  are 
in  fome  degree  acquainted,  and  which  really 
exifts  in  organized  matter ;  fo  that  the  prin- 
ciple of  lifq  is  here  attributed  to  fomething. 

We  may  readily  admit  that  many  of  Dr 
Girtanner's  experiments  upon  this  fubjed: 
are  ingenious,  and  his  reafoning  frequently 
plauiible;  yet  we  cannot  adopt  his  opi- 
i  nion  :  nor,  in  offering  a  fufficient  refu- 
tation of  it,  will  it  be  necelTary  to  enter 
into  a  minute  examination  of  his  'experi- 
meats,  or  the  dedudions  which  he  has 
jdrawn  from  them.  A  few  general  obler- 
vations  will  fufficiently  evince  that  his^ 
theory  is  not  tenable.  I  obferve  therefore, 
firft,  that  oxygene  is  indeed  known  to  be 
a  conflituent  cf  animal  bodies;  and  it  may 
pefhaps  be  received  into  the  fyftem  in  two 
ways  :  by  refpiration,  and  in  the  aliment. 
Before  it  is  received  into  the  body,  and 

B  2  aflimiiated 
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afTimilated  to  the  fyftem,  in  whatever  form 
it  is  prefented,  it  cannot  be  the  principle 
of  irritabiUty,  but  is  one  of  the  agents 
which  acSts  upon  the  excitable  or  irritable 
principle.  After  it  is  ailimilated  to  the 
body,  it  forms  only  one  of  the  confti- 
tuents  of  which  the  organic  matter  con- 
fifls  ;  and  it  is  undoubtedly  the  whole  or- 
ganic matter  which  is  the  fubjedl  of  exci- 
tation, not  merely  one  of  its  conftituents. 

But,  fecondly,  if  it  is  alledged  that  life, 
and  confequently  the  capacity  of  being 
excited,  is  taken  away  from  organized 
fubftances,  by  the  with-holding  the  ne- 
cejOfary  fupply  of  oxygene,  it  muft  be  re- 
membered, that  the  fame  effect  is  pro- 
duced by  with-holding  any  other  of  thofe 
agents  which  produce  and  fupport  the 
phenomena  of  life  j  fuch  as  heat,  aliment, 
&c.  We  might  therefore  as  well  fup- 
pofe  that  the  caloric,  or  matter  of  heat, 
the  carbone,  hydrogene,  or  azote,  which 
we  receive  in  our  aliment ;  I  fay,  we  may 
as  well  fuppofe  that  one  or  more  of  thefe 
is  the  excitable  principle,  as  oxygene. 

And 
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And  laftly,  were  oxygene  indeed  the 
vital  principle,  the  fadl  is  not  proved  by 
thofe  experiments  which   Dr  Girtanner 
imagines  the  moft  completely  fatisfadlory, 
or  by  the  reafonings  which  he  feems  to 
think  abfolutely  decifive.    He  has,  with 
fome  propriety,  attempted  to  form  an  ar- 
rangement of  the  different  agents  which 
adl  upon  the  body :  he  has  divided  them 
into  three  claffes.    The  firll  he  fuppofes 
to  have  the  fame  degree  of  affinity  to 
oxygene,  or  the  irritable  principle,  as  the 
organized  fibre  itfelf :  thefe  fubilances  he 
therefore  imagines  produce  no  effedl  upon 
the  fibre.  The  fecond  clafs  are  thofe  which 
have  a  lefs  degree  of  affinity  with  oxygene 
than  the  fibre  has  ;  and  which  will  there- 
'  fore  part  with  oxygene,  and  furcharge  the 
fibre  with  it :   thefe  he  fuppofes  produce 
an  accumulation  of  the  irritable  principle; 
and  the  fubilances  which  effe6l  this,  he 
calls  negative  llimuli.     The  third  clafs 
contains  thofe  fubftances  which  have  a 
greater  affinity  to  oxygene  than  the  fibre 
itfelf  has,  and  which  will  confequently 

deprive 


CAUSES  AND  PHENOMENA 


deprive  it  of  oxygene,  and  produce  the 
ftate  of  exhauilion :  thefe  fubftanees  lie 
caJIs  pofitiv.e  ftimuli.  To. this  arrange.- 
ment  feveral  valid  obje(5lions  may  be  made; 
but  I  fhall  not  enter  upon  the  fubje6i:  at 
prefent.  What  I  am  here  principally  con- 
cerned with,  is  the  application  which  he 
makes  of  his  experiments  and  reafonings 
on  the  two  laft  clafTes,  the  negative  and 
pofitive  ftimuli,  in  fupport  of  the  opinion 
that  oxygene  is  the  irritable  principle.  He 
aflerts  that  the  pofitive  ftimuli,  the  moft 
powerful  of  which  he  ftates  to  be  alcohol, 
fulphuric  sether,  opium,  and  the  oleum 
lauro;-cerafi,  deprive  the  fibre  of  oxygene, 
by  adlually  entering  into  combination  with 
it ;  and  he  fupports  this  opinion  by  che- 
mical fa6ts,  which  are  in  themfelves  no 
doubt  perfedlly  juft,  viz.  that  thcfe  fub- 
ftances  are  all  highly  combuftible ;  i.  e.  that 
they  have  a  great  affinity  with  oxygene. 
But  from  thefe  facfts  he  draws  a  conclufion 
which  is  by  no  means  admifiiblc,  viz.  that 
they  deprive  tlie  organized  fibre  of  its 
irritability,  by  entering  into  combination  ' 

with 
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with  the  oxygene  it  contains.  When  ani-s 
mal  Hfe  is  deftroyed  by  any  ,of  the  po-* 
fitive  flrmuh,  he  alledges,  that,  the  irri- 
tability of  the  moving  fibre,  in  evety  part 
of  the  fyilem,  is  inftantaneoufly  taken 
away.  But  allowing  this  to  be  the  fa£l,-  it  is 
impoffible,  at  leafl  in  many  inftailiceSj  that 
it  fliould  have  be^n  efFe6led  by  the  a6lua;l 
combination  of  the  pofitive  ftimuliis,  of 
combuftible  fiibftance^  with  the  vO^hole,-  or 
the  major  part  of  tlie  oxygene  contained 
in  the  body^  A  fingle  drop  of  the  oleum 
lauro-cefafi  i^eeeived  into  the  fhomach,  pro- 
duces immediate  death.  But  cafi  the  moft 
credulous  believe,  either  that  the  drop  of 
oil  was  inftantaneoufly  changed  into  fo 
minute  a  ftate  of  divifion,  as  to  be  diftri- 
buted  through  every  part  of  the  fyftem ; 
or  if  it  had,  that  it  could  attra^  and  be 
united  with  the'  whole  oxygene  of  the 
body  ?  Will  chemical  expernnent  prove 
this  ?  Quite  the  reverfe.  Let  us  fubjedl 
fuch  a  portion  of  the  oil  to  combuftion, 
let  US  oxygenate  *it  in  the  higheft  poflible 
degree,  and  we  fhall  find  that  the  quan- 
tity of  oxygene  with  which  it  will  unite, 

will 
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will  bear  a  very  inconfiderable  proportion 
to  the  quantity  contained  in  the  body  of 
an  animal,  the  life  of  which  may  be  de- 
llroyed  by  a  fimilar  drop  of  the  oil. 

Upon  the  other  hand,  he  fuppofes  that 
the  negative  ftim'uli,  as  he  terms  them, 
communicate  oxygene  to  the  mufcular 
fibre  :  among  thefe  he  reckons  many  of 
the  acids  and  oxydes  of  metals.    The  mofl 
powerful  are  confequently  the  oxygenated 
acids,  and  thofe  metallic  oxydes  which 
knoft  readily  part  with  their  oxygene.  Thus 
the  oxygenated  muriatic  acid  ;  the  oxy- 
genated m*etallic  falts,  as  the  oxygenated 
muriate  of  mercury ;  and  the  oxydes  of 
arfenic,  mercury,  and  filver,  he  fuppofes, 
produce  injurious  eife(5ls  in  proportion  to 
the  quantity  of  oxygene  they  contain, 
and  the  facility  with  which  they  part  with 
it.    By  communicating  their  oxygene,  he 
fuppofes  that  the  mufcular  fibre  becomes 
hyper-oxygenated.    But  here,  as  in  the 
former  cafe  of  the  pofitive  ftimuli,  the 
caufe  is  by  no  means  adequate  to  the  fup- 
pofed  effe(5l.    It  is  indeed  true,  that  mer- 
curial 
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curial  and  filver  erodents  deftroy  the  or- 
ganization of  the  part  to  which  they  are 
immediately  applied,   by  their  '  oxygene 
uniting  with  one  or  more  of  the  confti- 
tuents  of  the  animal  fubftance.  But  it  can- 
hot  be  admitted,  that  a  few  grains  of  the 
white  oxyde'  of  arfenic,  or  the  oxygenated 
muriate  of  mercury,  can  poffibly  contain 
fuch  a  quantity  of  oxygene  a.s  will  induce 
death  by  a  hyper-oxygenation  of  the  fy  ftern. 
Dr  Gir tanner's  opinion  upon  this  fubjedl 
is  perhaps  fufficiently  refuted  by  a  fingle 
facl,  viz.  that,  according  to  his  own  fup- 
polition,  we  receive  into  the  body,  by  a  few 
infpirations,  a  greater  quantity  of  oxy- 
gene than  can  be  contained  in  the  fmall 
portions  of  the  mineral  poifons  we  haye 
mentioned  which  are  fufficient  to  produce 
death.  Why  then  is  not  the  fyflem  hyper- 
oxygenated  by  refpiration,  as  well  as  by 
thefe  deleterious  fubftances  ?  It  is  in  vain 
to  reply,  that  the  oxygene  received  by  re- 
fpiration, is  only  in  fuch  proportion  as  is 
immediately  nccefTary  to  oxygenate  the  fyf- 
|:em.  For  the  queftion  liere  depends  alone 

C  upon. 
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upon  the  quantity  of  oxygene  received  into 
the  fyftem  in  a  given  period  :  and  it  is  evi- 
dent that  the  quantity  contained  in  lUch  a 
portion  of  the  oxyde  of  arfenic  as  will  caufe 
death,  is  exceedingly  trilling.  At  any 
rate,  a  fev7  infpirations  of  pure  oxygenous 
gas  ought,  upon  tliis  principle,  to  be  equally 
deleterious  with  a  dofe  of  arfenic. 

By  the  term  irritable  principle,  as  we 
have  already  obferved,  Doclor  Girtanncr 
means  that  capacity  which  organized  mat- 
ter pofTefTes  of  being  a6led  upon  by  various 
agents.  The  obfervations  which  we  have 
here  offered,  it  is  prefumed,  fujSiciently 
prove,  that  in  his  attempt  to  detecfl  the 
principle  of  irritability,  he  has  not  been 
more  fuccefsful  than  his  p.edeceflbrs. 

That  the  excitability  of  the  body,  and 
its  various  "parts,  depends  upon  a  peculiar 
orgjinization,  feems  pcrfeclly  clear;  and 
perhaps  a  further  knowledge  of  the  fubjeCl 
is  beyond  the  power  of  human  refearch  : 
yet  we  would  not  wifii  to  be  underrtood 
as  precluding  future  inquiry.  But  we 
■  may  be  allowed  to  add,  that  forming  un- 
#  .  certain 
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certain  hypothefes  upon  this,  or  any  other 
fubje(51,  cannot  advance  the  intereft  of 
fcience. 

Quitting  then  the  vague  opinions  w^hich 
have  been  held  concerning  the  principle 
of  animal  life,  we  fhall  endeavour,  by  in- 
duction from  the  fads  which  pafs  undef 
our  obfervation,  to  afcertain  the  caufe  or 
caufes  which  produce  the  phenomena  of 
life,  and  maintain  that  life  in  the  health- 
ful ftate*  ; 

In  the  profecution  of  this  fubjedt,  we 
fhall  firft  take  a  brief  view  of  the  ftruc- 
ture  of  the  animal  body,  chiefly  with  the 
defign  of  fhowing  that  a  fimilar  organiza- 
tion, under  various  modifications,  takes 
place  in  every  part. 

Secondly,  we  fhall  endeavour  to  fhow, 
that  by  the  union  of  the  various  parts  of 
the  animal  body,  a  complete  and  indivi- 
fible  whole  is  formed,  fo  that  any  agent 
which  operates  upon  a  particular  part^ 
muft  in  a  greater  or  lefTer  degree  affedt  the 
\rhole. 

•   C  2  Thirdly, 
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TKirdly,  we  fliall  ofFer  fbme  general  ob-» 
fervations  on  the  nature  of  excitability,  or 
that  principle,  which  appears  to  exift  iii 
every  part  of  the  body ;  and  by  which  it  is 
rendered  ftifceptible  of  the  aclion  of  va- 
rious agents. 

And  laflly,  vv^e  lhall  take  a  brief  view 
of  thofe  agents,  by  the  operation  of  which^ 
upon  organized  matter,  the  phenomena  of 
life  are  produced  and  continued. 

In  the  courfe  of  our  obfervations  upon 
this  flibje6t,  we  muft  neceflarily  notice 
fome  of  the  caufes  that  are  injurious  tO 
health  j  and  which,  operating  to  a  certain 
degree,  deftroy  life*  The  agents  which 
are  necefTary  to  produce  the  phenomena  of 
Hfi^,  and  to  preferve  the  healthful  ftate, 
are  na:tiirally  divided  into  two  kinds  ;  the 
external  and  internal.  It  is  to  this  point 
alone,  the  producftion  and  continuance  of 
life  in  the  healthful  fhate,  that  I  mean  to 
confine  myfelf  in  this  Effay  :-but  it  may  be 
obferved,  that  in  taking  an  extenfive  view 
of  this  fubjedt,  it  would  be  proper  to  coi*^ 

fider 
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fider  not  only  thofe  which  produce  life  and 
preferve  health,  but  thofe  which  are  ditedt- 
ly  injurious  to  the  fyftem  ;  and  alfo  fuchas 
may  be  employed  to  countera6l  the  effects 
of  the  injurious  agents.  This  fubjedlis  ex- 
ceedingly complicated  5  and  it  is  difficult  to 
form  any  acciirate  arrangement;  The  diffi- 
culty chiefly  arifes  from  the  very  different 
effe(5ls  which  are  produced  in  the  animal 
iyftem,  by  the  adlion  of  various  propor- 
tions of  almoft  any  of  the  agents,  which 
are  capable  of  operating  upon  the  body* 
Thus  thofe  agents,  the  operation  of  which 
is,  abfolutely  effential  to  life  and  healthy 
will,  when  adling  with  too  great  force^ 
induce  difeafe,  and  even  deftroy  life.  The 
adlion  of  the  fame  powers  alfo,  may  be  fa 
modified^  as  to  counteradl  the  injurious 
effeds  produced  by  their  own  operation,  j 
or  that  of  other  agents.  In  like  manner, 
fome  of  thofe  agents,  the  adion  of  which 
is  not  effential  to  life,  and  which  are  able 
utterly  to  deftroy  the  organization  of  the 
body,  may,  when  employed  in  certain 
proportions,  reftore  the  fyftem  to  the  ftatc 


22^       CAUSES  AND  PHENOMENA 


of  health.  I  fliall  attempt,  however,  to 
form  an  arrangement  of  thefe  powers,  al- 
though, from  the  intricate  nature  of  the 
fubjed,  I  muft  neceflarily  expert  that  it 
may  be  liable  to,  exceptions. 

We  may  firfl  mention  thofe  agents 
which,  when  adling  in  juft  proportion, 
produce  the  phenomena  of  life,  and  the 
healthful  ftate.  In  treating  on  this  clafs, 
it  is  n'eceflary  to  confider  the  injurious  ef- 
fects which  are  produced  by  the  fame 
powers  upon  the  organization,  when  act- 
ing in  an  improper  proportion.  We  have 
obferved,  that  they  are  naturally  divided 
into  the  external  and  internal  agents.  The 
external  agents,  the  action  of  which  are 
eflentially  requifite  to  the  production  and 
continuance  of  the  phenomena  of  life,  are 
heat,  air,  and  aliment.  To  thefe  we  may 
add,  light,  found,  and  the  qualities  which 
we  perceive  in  certain  bodies,  of  odour 
and  fapidity  ;  which,  though  perhaps  not 
abfolutely  effential  to  animal  life,  yet  pro- 
duce very  powerful  effedts  upon  the  fyf^ 
tem.    Light  is  effential  to  the  healthful 

ftatc 
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(late  of  almofl  every  individual  of  the  ve- 
getable kingdom ;  and  is  perhaps,  in  the 
fame  view,  requifite  to  the  animal  ceco- 
nomy.  Sound  alfo  produces  very  powerful 
eiFeds  upon  the  body.  ,  It  is  one  of  the 
moft  important  agents  in  the  intercourfe 
of  mankind.  It  is  the  chief  mode  of  com- 
munication between  the  individuals  of 
all  the  nobler  fpecies  of  the  animal  king- 
dom, and  alfo  affords  a  degree  of  in- 
terconrfe  between  individuals  of  dif- 
ferent fpecies.  The  influence  of  found 
upon  the  mental  powers,  produces  in 
many  cafes  the  mofl  important  effedls  up- 
on the  body.  It  is  equally  obvious,  that 
the  qualities  of  odour  and  fapidity,  in  cer- 
tain fubflances,  are  capable  of  exciting  the 
animal  fyftem  in  a  high  degree.  The  whole 
of  thefe,  therefore,  may  be  properly  con- 
fidered  as  belonging  to  the  divifion  of  ex- 
ternal agents. 

The  internal  agents,  the  operation  of 
■which  are  efTential  to  the  produdlion  and 
continuance  of  the  phenomena  of  Hfe,  are, 

the 
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the  blood,  the  fluids  fecreted  from  the 
blood,  the  intelledlual  fundions,  and  muf^ 
cular  nq-otion :  to  thefe  we  may  add  the 
fexual  intercourfe.  This,  though  not  ef- 
fential  to  life,  is  a  power  which  produces 
very  confiderable  effedls  on  the  organiza- 
tion of  almpft  every  individual  of  the 
ipecies.  When  confined  within  proper 
bounds,  it  is  perhaps  rather  conducive  to 
health,  than  injurious  to  the  fyftem  ;  and 
fliould  therefore  be  included  in  this  di- 
vifion. 

Several  of  thefe  agents  are  intimately 
connedled  with  peculiar  fundlions  of  the 
body.  It  is  necefTary  therefore,  in  treat- 
ing upon  the  agents,  to  confider  thofe 
fun(51:ions  in  which  their  adlion  is  pecu- 
liarly evident.  Thus,  when  treating  upon 
air,  we  muft  necelTarily  confider  the  refpi- 
ratory  fundlion  ;  and  the  confideration  of 
aliment  fliould  be  combined  with  the  4i- 
geflive  procefs. 

The  whole  of  this  clafs,  whether  exter- 
nal or  internal  agents,  evidently  excite 

action 
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a(5llon  in  the  fyftem  at  large,  or  more  par- 
ticularly in  certain  parts :  it  is  plain  there- 
fore, that  they  poffefs  ftiriiulant  powers  ; 
and  we  fhall  therefore  appropriate  to 
them  the  terms  of  the  natural  or  healthful 
agents,  or  natural  ftitnuli. 

A  fecond  clafs  of  agents  are  fuch  as  are 
capable  of  operating,  in  various  degrees, 
upon  the  body ;  the  acflion  of  which,  in 
any  proportion,  generally  produces  inju- 
rious effed:s,  inducing  the  morbid  ftate. 
The  powers  included  in  this  clafs,  operate 
in  various  degrees,  according  to  their  na- 
ture, the  degree  of  their  application,  and 
the  ftate  of  the  body  upon  which  they 
adl.  The  mode  of  operation  in  different 
fubftances  of  this  clafs,  alfo  vary  exceed- 
ingly :  fome  of  them  excite  adlion  in  the 
fyitem,  whilft  others  inftantaneoufly  de- 
ftroy  life.  We  muft  conclude,  therefore, 
that  their  qualities,  and  mode  of  opera- 
tion, materially  differ.  In  this  clafs  we 
comprehend  the  various  fpecies  of  conta- 
gion, as  of  the  fmall  pox,  meafles,  chin- 
cough,  typhus,  the  marfh  miafmata,  thr 
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venereal  virus,  the  contagion  of  the  plague, 
the  azotic  gas,  and  the  various  fpecies  of 
poifons,  virhether  animal,  vegetable,  or 
mineral.  It  muft  be  admitted,  that  very- 
material  varieties  are  obferved  in  the 
operation  of  different  powers  in  this  lifi:. 
The  contagion  of  the  fmall  ppx,  for  ex- 
ample, excites  an  increafed  action  of  the 
fyftem ;  whilft  that  of  the  marfh  miaf- 
mata,  or  typhus,  diredlly  induces  an  uni- 
verfal  and  direcfl  debility.  No  two  powers 
can  operate  in  a  more  oppofite'  manner ; 
nor  can  their  action  be  accounted  for, 
upon  the  fame  principle.  It  mufl  be  re- 
gretted, that  the  difpute  relative  to  the 
ftimulant  and  fedative  effects  of  many  fub- 
ftances,  has  degenerated  into  a  mere  logo- 
machy,  in  which  both  parties  were  perfe(5l- 
ly  agreed  as  to  fa6ts,  although  they  chofe 
to  difpute  about  words.  Many  of  the 
fubftances  which  have  been  included  in 
the  lift  of  fedantia,  may  be  ealily  proved 
to  be  ftimulants.  ,  But,  on  the  contrary, 
it  muft  be  acknowledged,  that  the  con- 
clufion,  that  there  is  no  direct  fedative  in 

nature. 
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mture,  was  too  haftily  drawn.  We  Ihail 
have  an  opportunity  of"  illuflrating  this 
rubjedl  in  feme  of  the  fubfequent  pages. 
As  thefe  agents  differ  in- their  qualities  and 
-mode  of  operation,  we  may  apply  to  them 
the  general  term  of  morbid  agents  :  or 
morbid  ilimuli  and  fedatives. 

A  third  clafs  of  llibftances  are  thofe 
which  are  not  natural  or  healthful  agents, 
but  which,  when  employed  in  juft  pro- 
portion, are  able  to  counteracft  the  efiecfts 
of  the  morbid  agents.  Many  of  thefe  may 
indeed  be  included  in  the  lift  of  morbid 
agents ;  and  the  whole  of  them,  when 
ailing  in  an  undue  proportion,  will  alfo 
produce  injurious  ^  efFedts  on  the  body. 
This  lift  contains  the  whole  of  thofe  fub- 
ftances,  which  can  be  employed  as  cura- 
tive powers  in  the  various  difeafes  to 
which  mankind  are  fubjecled.,  A  confi- 
derable  proportion  of  this  clafs  are  uur 
doubtedly  ftimulant :  and  probably  the 
greater  part  are  of  the  fame  nature.  As 
rfiftindive  appellations,  we  iliciU  apply  to 
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them  the'  terms,  artificial  agents,  or  arti- 
ficial ftimuli,  and  fediatives. 

We  proceed  to  take  a  curfory  view  of 
the  ftrudlure  of  the  animal  body,  chiefly 
with  the  defign  of  fliowing,  that  a  fimilar 
organization,  under  various  modifications, 
takes  place  in  every  part. 

In  the  human  .  fyftem  we  oblerve  a  va- 
riety of  parts  formed  of  matter  appa- 
rently under  very  difiereht  kinds  of  mo- 
dification: Thefe,  however,  conftitute  a 
whole,  the  different  parts  of  which  are 
fufceptible  of  various  degrees  6f  impref- 
fions  from  powers,  to  the  adlion  of 
which  they  are  fubjedled.  This  entirely 
arifes  from  the  mode  of  their  organiza- 
tion The  bones,  from  the  nature  of  their 
organization,  are  perhaps  lefs  fufceptible 
of  the  action  of  powers  applied  to  them, 
than  any  other  part  of  the  fyftem  ;  they 
appear  defigned  to  form  the  bafis  of  the 
body;  they  fupport  the  foft  parts;  they 
defend  and  contain  the  more  delicate  and 
noble  organs.  Though  liable  to  difeafe, 
they  are  not  fubje(5l  to  injury  like  the 
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other  parts ;  and  even  after  death,  that 
rapid  and  fpontaneous  decompoiition, 
does  not  take  place  in  them,  which  we 
perceive  in  the  reft  of  the  fyftem.  They 
may  be  expofed  for  ages,  without  lofing 
their  original  form ;  and  they  feem  to 
bear  a  confidera"ble  analogy  to  inorganized 
matter. 

Anatomical  refearch,  however,  fully 
proves,  that  bone  is  as  truly  organized 
matter,  as  any  other  part  of  the  body. 
This  indeed  is  a  conclufion  which  we 
might  have'  drawn  a  priori^  from  the  con- 
iideration,  that  inorganized  matter  could 
not  poffibly  form  a  part  of  an  animated 
fyftem.  The  anatomift  proves  the  truth 
of  the  affertion.  He  ftiows  that  the  bones 
are  fupplied  with  blood  veftels,  as  well  as 
the  fleftiy  parts.  He  exhibits  their  ftruc- 
ture,  and  points  out  their  periods  of 
growth  and  decay,  which  can  only  be  ef- 
fe(5led  by  the  adlion  of  depofiting  and  ab- 
forbing  veftels  ;  and  in  ftiort,  fully  proves, 
that  they  are  as  truly  organized  matter  as 
the  reft  of  the  body.  But  their  organiza- 
tion 
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don  is  fo  conflituted,  as  to  be  exactly 
fitted  for  the  purpofe  they  are  dellined  to 
ferve. 

In  faO,  we  .obferve,  t^;at  bon^is  are 
formed  of  a  fyftem  of  veffels,  in  the  in- 
terflices  of  which,  a  feemingly  earthy 
matter,'  mixed  with  mucus,  is  depofited. 
This  earthy  matter,  which  gives  hardnefs 
and  ftrength  to  the  bones,  is  in  reaUty  in- 
organized,  and  dead  matter,- — a  true  phof- 
phate  of  Hme,  hable  to  no  alteration  when 
feparated  from  the  body,  excepting  by  the 
operation  of  the  l^ws  of  chemical  attracr 
tion. 

The  bones  are  alfo  fupplied  with  nerves. 
They  may  be  obferved,  in  fmall  threads^ 
entering  into  the  fubftarice  of  the  bones. 
Small  nerves  may  alfo  be  feen  entering 
into  each  bone,  along  with  its  nutritious 
veflels ;  and  in  fpme  cafes  we  obferye 
them  paffing  through  large  holes  "in  bones, 
as  the  nerves  which  go  into  the  jaws  to 
fupply  the  teeth.  But,  notwithftanding 
that  anatomifts  can  demonftratd  the  exift- 
ence  of  nerves  in  the  bones,  yet  the  fad: 

has 
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has  been  doubted,  becaufe  the  bones  fpem 
infenfible  to  pain.  It  is  trae,  the  periof^- 
teum  may  be  fcraped  from  a  bone, — -a 
^borie  may  be  cut  through,  as  in  amputa- 
tion, or  in  the  operation  of  trepanning, — 
or  caullics  may  be  appUed  to  bone ;  and 
the  patient,  in  all  thefe  cafes,  fcarcely  feels 
any  pain.  It  muft,  hawever,  be  admit- 
ted, that  bone,  even  in  the  healthy  flate, 
pofTefTes  a  low  degree  of  fenfibility.  The 
aclual  cauter)-?,  which,  in  former  periods, 
was  much  employed  by  furgeons,  is  known 
to  produce  a  fenfation  in  the  bone,  though 
faid  to  be  rather  pleafant  than  painful. 
This,  however,  is  a  fufficient  proof,  that 
the  bones  are  not  abfolutely  incapable  of 
feeling.  But  the  fenfibility  of  bone  is 
fufficiently  obvious  in  the  difeafed  ftate  : 
Injuries  of  various  kinds  will  excite  in- 
flammation in  it,  as  well  as  in  the  foft 
parts ;  and  we  obferve  the  fame  phenome- 
na produced  in  both.  An  inc^-eafed  de- 
termination of  blood  to  the  part  fwelling, 
a  fpongy  loofenefs  of  texture,  fuppuration, 
and  ulcer,  take  place  in  bone,  in  a  mari- 
ner 
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ner  precifely  fimilar  to  what  we  obfervc 
.  in  the  foft  parts.  And  as  in  the  latter 
the  organization  is  deftroyed,  fo  alfo  in 
the  former  we  obferve  the  bone  eroded, 
and  difcharged  by  ulceration.  During 
the  progrefs  of  fuch  a  difeafe^  the  fenfi- 
bility  of  the  bone  is  aftoniftiingly  in- 
creafed.  Thus  in  the  parts  which  poffefs 
the  moft  acute  feeling,  we  obferve  thefen- 
fibility  increafed  by  difeafe.  In  like  man- 
ner the  bones,  ligaments,  burfae,  and  other 
parts,  in  which,  during  health,  the  feeling 
is  fcarcely  perceptible,  become,  by  difeafe, 
extremely  fenfible,  fo  as  to  give  the  moft 
exquifite  pain  in  many  cafes,  fuperior  to 
what  is  experienced  in  a  fimilar  difeafe  of 
the  foft  parts. 

In  every  View  that  we  can  take  of  the 
fubjedl,  bone  appears  to  be  as  perfectly 
organized,  matter,  as  any  other  part  of  the 
body.  It  receives  its  fliare  of  the  fan- 
guiferous  and  abforbent  veffels ;  it  \s 
fupplied  with  nerves,  and  by  all  of  them 
is  immediately  and  intimately  connedled 
with  the  fyftem  at  large.    It  is  produced 
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by  the  animalizing  procefs  ;  it  is  liable  to 
difeafe  and  death  ;  it  is  fufceptible  of  im- 
preffions  from  ftimuli  ;  and  by  their  ope- 
ration is  excited  to  adlion. 

Thus  the  bones  are  conftru(51:ed  upon  a 
plan  admirably  calculated  for  the  purpofe 
they  are  intei^ded  to  ferve  in  the  body.  In 
order  to  give  them  hardnefs  and  inflexi- 
bility, they  are  chiefly  compofed  of  an 
earthy  fait.  This  fait  is  depofited  by  cir- 
culating vefTels,  which  enter  their  fub- 
ftance  ;  and  v/hen  it  has  remained  for  a 
certain  period,  it  is  abforbed  and  carried 
out  of  the  fyftem  l)y  a  fet  of  vefFels  def^ 
tined  for  that  purpofe.  Thus  a  continual- 
depofition  and  abforption  is  going  on  in 
the  bones,  as  well  as  in  any  other  part  of 
the  body.  The  nerves  with  which  bone 
is  fupplied,  are  doubtlefs  intended  to  fup- 
ply  the  velTels  which  are  ramified  througl> 
its  fubftance ;  as  we  cannot  fupptife  that 
they  have  any  ufe  with  refpedl  to  the  in- 
organic earthy  lalt,'v,o£. which  bone  is 
chiefly  formed.  Upon  the  whole,  then, 
it  appears,  that  bone  mufl  be  lefs  capable 
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of  fenfation,  and  lefs  liable  to  be  aded 
upon,  than  perhaps  any  other  part  of  the 
body,  as  it  is  only  the  veflels  and  nerves 
which  belong  to  it  that  are  capable  of  fen^ 
fation. 

Cartilage  4)oJ[reires  a  degree  of  organiza- 
tion'fomewhat  inferior  to  that  of  bone. 
This  fubftance  is  interpofed  between 
bones,  particularly  at  the  joints,  with  the 
view, '  it  would  feem,  of  abating  fri6lion, 
and  preventing  thofe  injuries  which  might 
be  expelled  from  the  collifion  of  the 
harder  bony  matter.  Hence  they  are  fo 
*  conftituted  as  to  poffefs  a  degree  of  elaf- 
ticity,  by  which  they  yield  to  the  weight 
of  the  body,  and  are  reftored  to  their  ori- 
ginal fize  when  that  weight  is  removed. 

Cartilage  was  at  one  time  fuppofed  to 
be  a  mere  concrete,  having  little  or  no 
conne(5lion  with  the  other  parts  of  the 
lyftem,'  except  by  mechanical  cohefion. 
But,  in  the  original  formation  of  bone,  it 
appears  that  cartilage  is  organized  matter, 
and  as  truly  conneded  vi^ith  the  fyftem  as 
any  other  part  of  the  animal.    Thus  we 
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obferve,  tliat  the  bones  are  terminated  at 
their  articulations  by  a  thin  cartilage ; 
and  the  periofteum  is  extended  over  the 
furface  of  the  cartilage.  The  circula- 
tion in  cartilage  is  indeed  not  very  a(5live, 
but  fufficient  to  preferve  it  in  the  living 
ftate.  Had  the  powers  of  life  been  conli- 
derable  in  cartilaginous  matter,  had  its 
feelings  been  acute,  it  mud  have  produ- 
ced very  confiderable  inconveniencies  to 
the  animal :  it  would  have  been  liable  to 
frequent  inflammation,  and  other  difor- 
ders.  But,  having  received  a  peculiar 
mode  of  organization,  in  which  the  feel- 
ing is  obfcure,  and  the  excitability  dull, 
it  is  admirably  fitted  to  perform  all  the 
^  motions  of  the  body,  and  is  fubje6led  to 
the  fri6lion  of  the  joints,  without  being 
liable  to  injury. 

The  cellular  fubftance,  like  borie  and 
cartilage,  poflefles  a  low  degree  of  fenfa- 
tion,  and  its  excitability  is  obfcure.  This 
matter,  under  various  modifications,  is 
employed  to  unite,  cover,  and  defend.^the 
other  parts  of  the  fyftem.  In  all  the  forms 
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in  which  it  fubfifts  in  the  body,  it  pofTefTcs 
Httle  fenlibiUty  ;  and  may,  when  compa- 
red with  the  mufcular  and  nervous  foUds, 
be  almoft  confidered  as  inanimate  matter: 
that  is,  when  in  the  healthy  ftate,  hke 
bone  and  cartilage,  its  excitability  is  in  a 
very  low  degree.  Both  mechanical  and 
chemical ,  flimulants,  when  applied  to  it, 
give  but  little  fenfe  of  pain. 

Firft,  The  cellular  fubftance  is  extended 
over  the  whole  body,  and  interpofqd  be- 
tween all  the  parts.  Kormed  into  an  in- 
finite multitude  of  cells,  which  contain  fat 
and  a  thinner  fluid,  it  is  happily  confhruct- 
ed  to  allow  the  parts  .to  glide  and  move 
eafily.  It  penetrates  into  the  mufcles,  and 
keeps  their  fibres  at  a  prgper  diftance,  fo 
that  the  adion  of  each  may  be  duly  exert- 
ed. It  appears  alfo  to  fupport  and  lubri- 
cate the  mufcular  fibre,  infomuch  that  the 
flrength  of  the  fyftem  in  health,  and  its 
weaknefs  in  difeafe,  have  been  fuppofed  in 
fome  degree  to  depend  upon  the  proper  or 
improper  ftate  of  the  cellular  matter.  It  has 
'generally  been  imagined,  that  the  thinner 

fluid 
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fluid  contained  in  the  cplls  is  defigned  to 
render  the  play  of  the  fibres  eafy  and  free ; 
and  that  the  fat  is  intended  to  fupport  the 
fibres  in  their  a6lion,  to  hibricate  them; 
and  to  give  a  plumpnefs  to  the  body.  It 
has  alfo  been  fuggefted,  that  it  may  be  re- 
abforbed  for  various  ufes  in  the  fyftem.  It 
is  probable,  however,  that  the  febaceous 
matter,  like  the  phofphate  of  lime  in  the 
bones,  can  only  be  applied  to  its  proper 
ufes  in  the  fyftem  for  a  certain  period. 
By  degrees  it  becomes  unfit  for  the  pur- 
pofes  of  the  animal  'economy.    It  is  fecre- 
ted  aiid  depofited  in  the  cells,  and,  when 
reabforbed,  is  probably,  with  other  excre- 
mentitious  matter,  thrown  out  of  the  fy- 
ftem. V 

Secondly,  A  modification  of  the  cellu- 
lar fubftance  is  employed  as  a  covering  to 
the  bones.  The  periofteum,  as  it  is  called, 
appears  to  be  a  condenfation  of  the  cellu- 
lar fubftance  applied  in  fucceflive  layers, 
fo  as  to  produce  a  thick  membrane,  which 
conveys  the  blood-vefTels,  &c.  to  the 
bones. 

Thirdly, 
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Thirdly,  The  tendons  of  the  mufcles 
.  tire  produced  by  a  mere  continuation  of 
the  periofteum,  from  which  they  are  evi- 
dently derived,  and  not  from  the  mufcles, 
as  the  old  anatomifts  imagined. 

Fourthly,  The  tendinous  matter  fome- 
what  differently  modified,  fo  as  to  form  a 
thin  membranous  flieet,  is  employed  to 
cover  the  mufcles  forming  the  vagina- 
or  fafcisE  of  the  mufcles.  The  cellular 
fubftance  which  lies  under  the  fafcia, 
and  which  immediately  furrounds  the 
mufcle,  appears  to  be  only  more  loofely 
attached  laminae  of  the  fafcia.  It  is  from 
the  fafcia  that  the  cellular  matter  is  deri- 
ved which  penetrates  into  the  mufcles. 

Fifthly,  The  periofteum,  formed  into  a 
thicker  membrane,  and  ftrengthened  by 
\  the  adhefion  of  furrounding  parts,  is  em- 
ployed for  the  capfules  of  the  joints. 

Sixthly,  The  burfae  mucofse  derive  their 
origin  from  the  fame  fubftance.  The 
burfae  are  formed  in  thofe  parts  where  a 
tendon  plays  over  a  bone.  The  upper  fur- 
face  of  the  burfa  is  formed  by  the  tendon 

itfelf ; 
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itfelf ; — the  lower  furface  of  the  fame  burfa 
is  produced  from  the  periofteum  of  thq 
bone; — ^and  the  fides  of  the  burfa  are 
formed  by  the  common  cellular  fubftance. 
The  burfsE  mucofae  and  capfular  ligaments 
do  not  materially  differ  in  their  nature. 
They  contain  precifely  the  f^me  kind  of 
liquor,  and  they  frequently  communicate 
with  each  other 

Thus,  under  a  variety  of  modifications, 
the  cellular  fubftance  is  applied  to  many 
ufeful  purpofes  in  the  fyftem.  It  joins,  the 
bones  to  each  other, — it  unites  the  muf- 
cles  to  the  bones, — it  gives  fecurity  and 
firmnefs  to  their  motions, — by  the  flXiids 
which  it  contains,  it  lubricates  the  joints 
and  mufcular  fibre, — and  it  is  further  em- 
ployed to  give  a  plumpnefs  and  agreeable 
lhape  to  the  limbs. — For  all  thefe  purpofes 
it  appears  to  be  peculiarly  fitted,  by  pof- 
fefiing  a  degree' of  fenfibility  much  infe- 
rior to  that  of  the  more  important  parts 
of  the  fyftem. . 

*  Vid.  Mr  John  Bell's  Anatomy  of  the  Bones, 
Mufcles,  and  Joints. 

Under 
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Under    all   the   modifications  which 
we  have  now  mentioned,  cellular  fub- 
ftance  appears  to  have  few  blood-vefTels, 
.  and  no  nerves;  at  lealt  no  nerves  are  vi- 
fible;    But  we  muft  conclude,  that  the 
few  blood-veflels  which  convey  nutrition 
to  tlie  cellular  fubftance  muH;  be  accompa- 
nied with  nerves,  however  minute.  And 
,  the  feeling  which  can,  by  difeafe,  be  awa- 
jkened  in  thefe  parts,  muft  lead  us  to  in- 
fer, that  they  are  in  fome  degree  fup- 
plied  with  nerves  ;  as  we  cannot  conceive 
that  fenfation  can  be  produced,  except  by 
the  agency  of  nerve.    The  paucity,  how- 
ever, of  blood-veflels  and  nerves  in  the 
cellular  fubftance,  fufficiently  evinces,  that 
thefe  parts  can  be  little  fufceptible  of  the 
adlion  of  ftimuli ;  and  the  fact  which  we 
thus  difcover  from  the  ftrudlure  of  the 
parts,  is  ftrikingly  evidenced  by  experiment. 
'  Under  all  its  different  modifications,  cellu- 
lar fubftance  in  the  healthy  ftate  appears 
to  be  infenfible  to  the-  adion,  both  of  me- 
chanical and  chemical  ftimulants.  The 
tendons  of  animals  have  been  cut  and  pier- 
ced 
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eed,  they  have  been  'pinched  and  torn, 

— the  adlual  cautery,  as  well  as  the  chemi- 
cal, have  been  applied,  without  inducing 
the  leaft  indication  of  pain  in  the  animal 
fubjedted  to  the  experiment.  The  moft 
violent  chemical  ftimuli  have  been  applied 
to  the  various  parts  of  a  joint,  without 
producing  any  appearance  of  an  uneafy 
fenfation.  In  like  manner,  in  chirurgical 
operations,  the  various  modifications  of 
the  cellular  fubftance  may  be  operated  up- 
on without  producing  any  degree  of  pain 
to  the  patient.  Nay,  it  appears  that  little 
pain  is  induced  by  the  accidental  lacer'a-  - 
tion  of  the  ligaments  and  tendons.  We 
cannot,  indeed  fay  that  thefe  parts  are  en- 
tirely without  feeling.  Their  fenfibility  is 
indeed  dull.  They  receive  the  impreA 
fions  of  flimuli  very  flowly ;  but  when, 
by  difeafe,  the  organization  of  the  part 
is  xieranged,  the  feeling  is  aftonifhingly 
increafed,  and  the  patient  fufFers  a  more 
acute  pain  than  what  we  obferve  in  almoft 
any  other  part  of  the  fyftem.  One  thing, 
however,  is  obvious,  the  organ  of  fenfa- 
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tion  in  thefe  parts  muft  be  precifely  the 
fame  as  in  the  reft  of  the  body.  It  is  only 
to  the  nerves  that  we  can  afcribe  this 
quaUty.  They  may,  in  the  cellular  fub- 
ftance,  during  the  ftate  of  health,  be  pe- 
culiarly flieathed  and  defended  from  im- 
prefTions  to  which  they  become  expofed 
when  the  organization  of  the  part  is  inju- 
red by  difeafe. 

In  the  mufcular  and  nervous  fibre,  we 
.  perceive  the  powers  of  life  exerted  with 
much  greater  activity  than  in  thofe  parts 
which  we  have  hitherto  noticed  ;  or,  more 
properly  fpeaking,  mufcular  and  nervous 
fibre  are  much  more  fufceptible  of  the 
acSlion  of  ftimuli,  than  bone,  cartilage,  or 
cellular  fubftance.  It  is  by  impreflions 
upon  thefe,  by  the  operation  of  various  a- 
gents,  that  every  power  of  the  body  is  a- 
wakened  and  called  into  adlion. 

The  mufcular  and  nervous  fyftems  ap- 
pear to  be  fo  intimately  connedled,  that 
fome  phyfiologifts  have  imagined  that  muf- 
cular fibre  is  a  mere;  continuation  of  the 
nervous  matter.  Anatomy  inftantly  re- 
futes this  opinion  :  .The  nerves  enter  into 

the 
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the  mufcles  in  every  pofTible  diredlion ; 
and  we  may  trace  their  branches  and  ra- 
mifications perfectly  diftin<ft  from  the 
mufcular  fibre.  We  cannot  indeed  trace 
their  courfe  to  their  termination,  becaufe 
they  become  deprived  of  their  external 
coats,  mere  medullary  matter  remains^ 
and  difappears  among  the  mufcular  fibres. 
It  is  perhaps  flill  more  clear,  that  mufcu- 
lar fibre  is  not  a  continuation  of  nerve, 
becaufe  mufcles  in  the  limbs  of  animals 
do  not  diminifh  ill  magnitude,  although, 
the  nerves  entering  thefe  mufcles  have 
been  cut  through  for  a  confiderable  pe- 
riod. Yet  there  certainly  exifts  an  inti- 
mate and  univerfal  ccnnedlion  between 
the  mufcular  fibre  and  the  nerves ;  be- 
caufe neither  the  one  nor  the'  other  can 
be  adled  upon  by  any  ftimulus,  without 
the  whole  body  being  affedHied  in  a  great- 
er or  leffer  degree,  according  to  the  nature 
of  the  part,  and  the  powers  of  the  ftimu- 
lus applied.  We  find  then  that  both  muf- 
cular and  nervous  fibre  are  fufqeptible  of 
impreffions  from  fliniuli :  But  it  is  alfo 
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true,  that  the  efFeds  produced  on  thefe 
two  fubftances  in  fome  refpedls  vary. 
Thefe  differences  will  appear  from  the 
fliort  account  which  v/e  fliall  here  give, 
beginning  with  mufcular  fibre. 

Every  diftin(ft  mufcle  is  formed  of  a 
congeries  of  longitudinal  fibres,  which  are 
connedled  together,  as  we  have  already 
hinted,  by  the  cellular  fubftance.  They 
are  extended  from  bone  to  bone,  and  from 
part  to  part,  fo  as  to  form  an  aUnoft  uni- 
verfal  covering  to  the  bones,  and  are  at 
the  fame  time  the  inflruments  by  which 
all  the  motions  of  the  bones  are  perform- 
ed. Eaph  congeries  of  mufcular  fibre  ap- 
pears diilin6l  from  the  reft,  being  termi- 
nated at  its  origin  and  infertion  by  its  pro- 
pter tendons,  which,  as  jwe  have  faid,  are 
a  modification  of  tlif  cellular  fubftance. 
Thofe  mufcles  which  are  not  inferted  into 
any  of  the  bones,  as  the  fphinders  and 
mufcular  membranes  of  the  vifcera  and  vefr 
fels,  have  commonly  po  tendons.-  Thofe, 
again,  the  origin  and  infertion  of  which 
are  on  different  bones,  and  in  the  more 

moveable 
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riioveable  extremities,  are  generally  fup- 
plied  with  long  tendons,  which  pafs  round 
the  joints  and  heads  of  the  bones  to  be  in- 
ferted  in  the  more  moveable  part.  But 
however  diftindl  the  different  mufcles  ap- 
pear, there  is  an  univerfal  connection, 
which  depends  upon  the  univerfal  diftri- 
bution  of  the  ner  ves ;  one  or  more  of  which 
enter  into  each  mufcle,  and  thus  form  an 
indivifible  whole. 

The  mufcles  are  alfo  abundantly  flip- 
plied  with  arteries  and  veins,  which  enter 
within  the  cellular  coat  that  furrounds 
the  mufcular  fibres,  and  running  in  com- 
pany with  each  other,  are  fubdiVided,  and 
form  a  kind  of  reticular  work.  From  the 
fmaller  of  thefe  veifels  a  vapour  and  fe- 
baceous  matter  are  fecreted  iiito  the  cellu- 
lar fubftance,  and  which  are  again  ab- 
forbed  by  lymphatics,  the  prefence  of 
which  is  alfo  perfedlly  obvious,  both  on 
the  furf ace  and  in  the  fubftance  of  the 
mufcles.  The  ultimate  fibres  of  the 
mufcles^appear  to  be  fmall  foft  threads : 
When  fubjeded  to  the  microfcope,  they 

exhibit 
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exhibit  a  kind  of  wave  or  zigzag  appear- 
ance. This  form  has  been  attribiited  to 
the  impreffions  made  by  the  vefTels,  cellu- 
lar  fubftance,  and  nerves  upon  the  fibre. 
The  learned  Profeflbr  of  Anatomy  in  this.* 
Univerfity  has  however  demonflrated  a  fi- 
milar  appearance  in  the  tendons  and 
nerves ;  and  he  is  of  opinion,  that  thefe 
Undulations  are  a  kind  of  folds  or  joints, 
which  ferve  to  accommodate  the  parts  to 
the  different  ftatea  of  flexion  and  extenfion. 
In  proof  of  this,  he  obferves,  that  thefe  ap- 
pearances are  only  prefent  when  the  parts 
.  are  in  a  relaxed  ftate,  and  that  they  entirely 
lofe  it  when  much  ftretched. 

Many  opinions  have  been  entertained 
with  refpedl  to  the  flru(5ture  of  the  muf- 
cular  fibre :  It  has  been  fuppofed  that  they 
are  folid  ;  again  it  is  faid  that  they  are 
hollow,  being  formed  of  a  feries  of  veffels 
or  rhomboidal  chains  communicating 
with  each'  other  ;  and  laftly,  it  has  been 
alledged,  that  they  are  full  of  a  kind  of 
down  or  woolly  fubftance.  The  fadl  can- 
not be  determined  by  the  eye  or  the  mi- 

crofcope, 
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crofcope,  and  therefore  I  conceive  it  not 
Worth  while  to  engage  in  the  difpute.  In- 
deed, as  far  as  wie  ^(jaijL  difcoyer,  the  muf- 
cular  fibre,  when  wafhed  from  the  blood 
contained  in  the  veflels  which  accompany 
it,  appears  a  white  foft  folid. 

Thefe    delicate    fibres,    formed,  into 
bundles  of  different  magnitudes,  and  va- 
rioufly  difpofed, — fupplied  with  blood- 
vefiels  and  abforbents, — joined  together, 
and  fupported  by  cellular  fubftance^-r—and 
united  together,  fo  as  to  form  one  grand 
fyftem,  by  the  diftribution  of  nerves,  are 
deflined  to  perform  the  mod  important 
offices  in  the  body.  .  Every  motion  is  pro- 
duced by  their  operation.    They  pofiefs  a 
kind  of  contra(5lile  power,  by  which  they 
are  fitted  to  prdpel  the  blood  jfrpra  the 
heart,  and  diredl  its  courfe  through  all 
the  numberlefs  channels  in  w^hich  it  flows 
throughout  the  body.    They  produce  the 
a^lion  of  the  lymphatics,  by  which  ab- 
forption  is  carried  on  ; — by  their  energ?^, 
every  fecretion  and  excretion  of  the  fyf- 
tem h  performed ; — the  important  func- 
tion 
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tion  of  refpiratlon  depends  upon  their  ex- 
ertion ; — and  they  efFedl  the  various  mo- 
tions of  the  body,  which  are  of  fo  much 
utiUty  in  the  different  avocations  of  life. 
To  render  them  capable  of  producing 
thefe  effe(5l3,  they  are  in  a  high  degree 
endowed  with  that  fufceptibility  of  the 
action  of  flimuli,  upon  which  the  com- 
mencement and  continuance  of  life  de- 
pends. 

We  are  next  to'  diredl  our  attention 
more  particularly  towards  the  Nervous 
Syftem.  ' 

The  brain,  or  that  mafs  which  fills  the 
cavity  of  the  cranium,  is  at  once  the  ori- 
gin and  point  of  union  to  the  whole  ner- 
vous fyftem.  This  general  mafs  is  di- 
vided into  three  particular  portions, — the 
cerebrum, — the  cerebellum, — and  the  me- 
dulla oblongata ;  and  a  continuation  of 
•the  latter  forms  the  medulla  fpinalis, 
which  fills  the  cavity  of  the  vertebrse. 
This  organ,  and  the  various  branches  de- 
rived from  it,  form  one  of  the  moil  im- 
portant parts  of  the  animal  oeconomy.  It 

is 
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is  eflential  to  all  the  nobler  fpecies  of  ani- 
mals ;  but  its  importance  is  more  pecuU^ 
arly  evident  in  man  than  in  other. 
In  the  human  race,  it  bears  a  much  larger 
proportion  to  the  fize  of  the  animal  than 
\\X  any  of  the  inferior  orders.   The  nerves, 
which  form  the  various  organs  of  fenfa- 
tion,  and  upon  which  ultimately  the  ac- 
tion of  mufcular  fibre  depends,  are  deri- 
ved from  the  brain  in  the  inferior  animals, 
as  well  as  in  man;  but,  from  the  much 
larger  fize  of  this  organ  in  the  lattfer,  it  ap- 
pears deflined  to  perform  fome  other  and 
more  important  purpofes  in  him  than  in  the 
former.    The  whole  of  the  nerves,  it  has 
been  obferved,  bear  but  a  fmall  propor- 
tion to  the  mafs.  of  medullary  fubftance 
contained  in  the  brain,  being  at  lead  an 
hundred  times  as  large  as  the  diameters  of 
all  the  nerves  of  the  head  and  fpinal  mar- 
row.   It  does  not  appear  that  the  large 
fize  of  the  brain  gives  to  man  more  acute 
fenfations,  or  a  greater  power  to  produce 
mufcular  motion,  than  other  animals  pof- 
fefs,  in  which  the  brain  is  proportionally 
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much  lefs.    Thus,  as  Dr  Monro  has  ob- 
ferved,  the  brain  of  a  l^rge  ox  has  been 
found  to  weigh  not  more  than  one  fourth 
part  of  the  human  brain,  whilft  the  weight 
of  the  ox  was  probably  fix  times  greater 
than  that  of  the  man  ;  or  the  brain  of  the 
man  was,  in  proportion  to  his  Weight, 
twenty-four  tii;nes  heavier  than  that  of 
the  ox.    At  the  fame  time,  the  nerves  of 
the  mufcles  of  an  ox  are  in  their  fize  pro- 
portioned to  the  bulk  of  the  animal's 
mufcles,  and  thofe  of  the  organs  of  fenfa- 
tion,   as  the  eye  and  nofe,  are  propor- 
tioned to  the  extent  of  thefe  organs.  Thus 
the  olfadlory  nerve  of  an  ox  is  many 
times  larger  than  that  of  a  man.  Again 
we  obferve,   that  three  fourths  of  the 
nerves  originate  from  the  medulla  fpinalis ; 
yet  it  is  only  a  fmall  part  of  the  brain 
which  is  elongated,  alnd  pafTes  down  the 
vertebral  canal.    We  have  reafon  there- 
fore to  conclude,  that  to  give  origin  to  the 
nerves  is  not  the  fole  ufe  of  the  brain : 
it  is  the  feat  of  intelled  ;  the  medium 

by 
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by  which  imprefllons  made  on  the  organs 
of  fenfation  are  conveyed  to  mind. 

The  whole  of  the  nerves,  then,  arift 
from  one  common  fource  ;  ^nd  the  brain 
muft  be  confidered  as  the  central  point  at 
which  they  all  unite.  Arifing  from  this 
point,  they  are  tranfmitted  to  every  part 
of  the  body, — they  are  interwoven  ic^  e- 
very  oi*gan  of  fenfation, — every  mi^fcle, 
veflel,  and  bone,  and  thus  unite  the  vari- 
ous parts  fo  as  to  conftitute  an  uniform 
fyftem.  PofTeffed  of  a  peculiar  organiza- 
tion, by  which  they  are  highly  fufceptible 
of  impreflions  from  various  ftimuU,  they 
receive  impreflions  on  every  part,  which 
appear  to  be  inftantaneoufly  tranfmitted 
to  the  central  point,  the  cenforium  com- 
mune. Hence  it  is,  that  the  adlion  of  a 
flimulant  upon  a  particular  part  does 
not  affedl  that  part  only  to  which  it  is  ap- 
plied, but  operates  in  a  greater  or  lefTer 
degree  upon  the  whole  fyftem*  Minute 
anatomy  evidences,  by  an  inj&nite  variety 
of  circumftances,  the  peculiar  fitnefs  of 
the  brain  and  nervous  fyftem  for  produ- 
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cing  tliefe  efFedts.  We  muft  not  here  en-^ 
ter  into  a  particular  defcription  of  the  a- 
natomy  of  thefe  parts ^;  but  we  fliali  en- 
deavour to  illuftrate  the  fubje(5l  by  a  few 
general  obfcrvations  on  the  ftru6lure  of 
the  brain  and  nerves,  and  the  diftribution 
of  the  latter  through  every  part  of  the 
hddjC' 

We  have  obferved,  that  the  brain  is 
formed  of  three  portions,  the  cerebrum, 
cerebellum,  and  naedulla  oblongata,  to 
which  a  fourth  nlay  be  added,  the  me- 
dulla fpinalis.  .The  whole  of  thefe  are 
covered  by  their  peculiar  membranes, 
the  pia  mater  and  dura  mater.  Thefe 
ferve  for  their  prote(5lion,  and  to  convey 
blood-velTels  for  their  nourifliment  and 
fupport.  The  brain  is  fiipplied  with  nu- 
merous blood-veffels  from  the  carotid  and 
vertebral  arteries  ;  and  by  the  many  con- 
volutions which  they  make  before  they 
pafs  through  the  dura  mater,  and  the  vaft 
number  of  communicating  branches  into 
which  they  are-  divided  in  the  pia  mater, 
and  its  proc'efTes,  it  appears,  that  the  blood 

muft 
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inuft  move  more  flowly  and  equally  in 
thofe  veflels  than  in  tbofe  of  other  parts. 
We  may  alfo  add,  that  the  arteries  in  o- 
ther  parts  are  in  fome  degree  aded  up- 
on by  the  labouring  mufcles,   and  the 
preffure   of  the  atmofphere,   by  which 
the  blood  is  propelled  with  additional 
force.    But  the  arteries  which  fupply  the 
brain,   after    they    enter    the  cranium, 
are  not  fubjedled  to  the  operation  of  thefe 
powers.    We  obferve  then,  in  this  diftri- 
bution  of  the  blood-vefTels  of  the  brain,  a 
provifion  made  againft  thofe  injuries  which 
muft  have  infallibly  taken  place  in  fo  deli- 
ca,te  an  organ,  if  it  had  ibeen  poflible  for 
the  blood  to  have  been  driven  into  it  with 
great  violence.   A  very  confiderable  quan- 
tity of  blood  is  tranfmitted  to  the  brain, 
— it  is  derived  from  trunks  which  arife 
near  the  heart ; — and,  according  to  the  o- 
pinion  of  Haller,  a  fixth  paxt,  or,  as  Dr 
Monro  fuppofes,  not  lefs  than  a  tenth 
part  of  the  circulating  mafs,  is  tranfmitted 
to  the  brain.    From  the  ample  fupply  of 
this  fluid  which  the  brain  receives,  it  ap- 
pears 
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pears  that  perpetual  and  important  changes 
take  place  ;n  the  fubftance  of  the  br^in 
and  nerves,  as  well  as  in  other  parts. 

The  cerebrum,  cerebellum,  and  fpinal 
marrow,  are  naturally  divided  into  the 
external  part,  the  cortex  or  cineriti- 
ous  fubftance,  and  the  internal  part,  or 
medullary  matter.  The  minute  branches 
of  the  blood-vdlTels,  by  the  affiftance  of 
injections  and  the  microfcope,  are  found 
to  pafs  from  the  pia  mater  into  the  corti- 
cal part  in  vaft  numbers  ;  in  fadl,  it  ap- 
pears to  be  almoft  wholly  formed  of  vef- 
fels  ;  b.ut  into  th.e  medullary  fubftance  we 
only  obferve  longitudinal  veffels  entering. 
The  veins  which  return  the  blood  from 
the  brain  are  of  a  peculiar  ftru6lure,  evi- 
dently defigned  to  facilitate  that  return. 
Their  coats  are  of  peculiar  ftrength ;  they 
form  innumerable  anaftomofes  with  one 
another ;  and  when  colledled  fo  as  to  form 
confiderable  trunks,  they  are  lodged  in  ca- 
nals, which  prevent  them  from  being  fub- 
je<5ted  to  compreffion.  A  provifion  there- 
fore is  evidently  made  ,to  prevent  an  inju- 
rious 
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rious  accumulation  of  the  blood  in  this 
prgan.  It  has  been  doubted,  whether  the 
brain  is  fuppUed  with  lymphatics  ?  They 
may  cei;*tainly  be  demonftrated  upon  the 
pia  mater ;  and  from  analogy  drawn  from, 
every  other  part  of  the  body,  we  can 
fcarcely  fuppofe  that  the  brain  is  deftitute 
of  lymphatics.  Indeed  modern  phyfiolo- 
gifts  in  general  admit  the  exiftence  of  lym- 
phatics in  the  brain.. 

From  the  blood-velTels,  as  we  have  al- 
ready hinted,  the  cortical  part  of  the  brain 
receives  its  origin.  Anatomical  injedlions 
fully  prove,  that  the  greater  part  of  it  con- 
fifts  of  vefTels  which  are  inferted  from  the 
fmall  branches  of  the  pia  mater.  Thefe  vef^ 
fels,  however,  in  the  natural  ftate,  do  not 
convey  red  blood,  biit  a  thinner  fluid ;  al- 
though in  fome  difeafes,  and  in  death  by 
ftrangling,  particularly  in  brutes  and  birdsj 
the  red  blood  is  propelled  into  them.  No 
anatomift  has,  indeed,  fucceeded  in  filling 
every  portion  of  the  cortex  with  injected 
matter ;  yet  it  is  probable,  that  it  is  alto- 
gether vafcular.    We  obferve  no  diffimi- 
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larity  of  parts  in  it  when  in  the  entire  or 
natural  ftate,  fo  that  we  cannot  imagine 
that  it  is  partly  vafcular  and  partly  folid. 
As  the  cortical  fubftance  originates  from 

.  the  veffels  of  the  pia  mater,  fo  the  white 
medullary  matter  is  derived  from  the  cor- 
tex. The  continuity  of  the  medulla  with 
the  cortex,  is  diftindlly  feen  by  the  micro- 
fcope,  and  may  even  be  obferved  by  the 
naked  eye.    Minute  portions  of  the  me- 

'  duUa  may  be  obferved  proceeding  from 
the  cortex ;  and  its  gradual  increafe  may 
be  traced,  becoming  more  broad  and  abun- 
dant till  it  makes  up  the  whole  oval  feclion 
of  the  brain,  and  is  bounded  only^by  the 
convolutions  of  the  cortex. 

The  medulla  is  extremely  foft,  and  of  a 
fibrous  texture.  The  fibres  are  vifible  in 
feveral  parts  of  the  human  brain,  and  flill 
more  evidently  in  the  brains  of  fifties, 
efpecially  in  their  thalami  optici.  The 
fibres  of  the  medullary  fubftance  are  fim- 
ply  extended,  fo  as  to  form  the  white  fir- 
brous  cords  which  are  diftributed  to  every 
part- of  the  body,  aiid  which  are  univer- 

fally 
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"faliy  termed  the  nerves.  That  the  fibres 
of  the  nerves  are  merely  a  continuation  of 
thofe  of  the  medulla,  is  diftincSlly  feen  in 
the  feventh,  fourth,  and  fifth  pairs  of 
nerves. 

The  nerves,  then,  are  compofed  of  ma- 
ny fibrous  threads,  lying  parallel,  or  near- 
ly fo,  to  each  other,  as  they  flioot  off  from 
the  medulla.  At  the  origin  of  moft  of  the 
nerves  within  the  fkull,  this  fibrous  tex- 
ture is  perceptible  :  and  in  the  cauda  equi- 
na of  the  fpinal  marrow,  they  may  be  di- 
vided into  threads,  fo  exceedingly  minute, 
that  they  are  fcarcely  vifible  to  the  naked 
eye:  yet  even  thefe  fibres,  when  exami- 
ned -with  a  microfcope,  appear  to  be  form- 
ed of  a  confiderable  number  of  fibrils, 
much  more  minute. 

It  is  perhaps  not  pofTible  to  eftimate  the 
fize  of  the  fmalleft  of  thefe  fibres.  Were 
the  nerves,  which  are  divided  over  the 
whole  body,  conjoined  into  a  cord,  the  dia- 
meter would  not  be  an  inch ;  yet  even  the 
moll:  minute  part  of  the  body  is  fenfible : 
and  this  muft  depend  on  each  particular 

H  point 
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point  being  fupplied  wicli  nerve.  We  muft: 
therefore  be  convinced,  that  the  nervous 
fibrils  are  a(loni{hingly  fmall.  Nay,  it 
has  been  clemonftrated,  from  the  extreme 
minute  portions  of  fnattfer  which  are  vifi- 
ble  to  the  fight,  that  each  fibre  in  the  re- 
tina of  the  eye  cannot  exceed  in  diameter 
,  the  thirty-two  ^thoufand  four  hundredth 
pa:rt  of  a  hair.  "  . 

The  medullary  matter,  of  which  the 
nervous  fibrils  are  formed,  is  exceedingly- 
delicate  and  foft.  They  af  e  therefore  con- 
necfled  together  by  cellular  fubflance,  and 
protedled  from  injury  by  coats  formed  of 
the  dura  and  pia  mater.  The fe  nervous 
cords  kre  fo  liberally  fupplied  with  blood-  ^ 
vefTels,  that  .when  their  arteries  only  are 
inje(5led,  thfe  whole  cord  appears  to  be> 
tinged  with  the  colour  of  the  injecled  li- 
quor. 

The  nerves,  after  being  given  out  by 
the  brain  or  fpinal  marrow,  are  generally, 
like  the  blood-vefi^els,  divided  into  bran- 
ches :  but  they  pafs  off^,  or  feparate,  from 
each  other  in  acute  angles,  and  often  in  a 

retrograde 
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retrograde  direction.  The  fibrils  of  the 
'  nerves,  however,  are  not  fplit  at  thefe  di- 
vifions  fo  as  to  form  fmaller  threads  ;  but 
the  original  fibres,  continued  from  the 
brain  itfelf,  recede  from  each  other  by 
an  opening  of  the  cellular  fubflance  by 
.  which  they  are  united :  fo  that,  after  the 
nervous  fibril  haa  left  the  brain,  it  ap- 
pears, in  facl,  to  undergo  no  change  till 
its  ultimate  termination.  The  nervous 
cords  generally  appear  to  grow  fofter  du- 
ring their  courfe,  till  at  length,  at  their 
termination,  they  feem  to  be  loft  in  a 
mucus  oi'  pulp.  Hence  it  has  been  fup- 
pofed,  that  during  their  progrefs  they  de- 
pofit  the  coats  which  they  had  received 
from  the  pia  and  dura  mater ;  and  that, 
to  be  capable  of  fenfation,  or  the  other 
purpofes  which  the  nerve  is "  to  efFedl  in 
the  fyftem,  it  is  necelTary  that  the  medul- 
lary part  fhould  be  laid  perfectly  bare  at 
its  termination.  It  is,  however,  alledged 
by  Dr  Monro,  tKat  every  filament  of  a 
nerve  retains,  at  its  termination,  a  cover- 
ing of  the  pia  mater,  by  the  vefTels^  of 

H  2       ,  which 
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which  it  is  nouriflied  and  preferved  in 
that  ftate,  upon  which  the  faculty  of  re- 
ceiving impreffions,  and  the  power  of  ac- 
tion, depend. 

In  fome  inflances  we  obferve  different 
nerves  uniting  fo  as  to  form  one  cord  ; 
this,  in  fome  meafure,  refembles  the  inof- 
Gulations  which  take  place  in  the  fangu  - 
ferous  fyftem.  After  fuch  an  union,  we 
frequently  find,  particularly  in  thofe 
which  are  diftributed  to  the  bowels,  a 
hard  knot  is  formed,  confiderably  larger 
than  the  nerves  which  are  thus  united  in- 
to a  cord.  Thefe  knots  are  generally 
termed  ganglions  :  They  have  thicker 
coats,  and  are  more  liberally  fupplied  with 
blood-veffels  than  the  nerves.  Dr  Monro 
obferves,  that  they  are  full  of  nervous  fi- 
brilli,  intermixed  with  a  yellowifh  or  red- 
difh  brown  fubftance,  fomewhat  fimilar 
to  the  cortical  fubftance  of  the  brain. 
Hence  he  fuppofes,  that  they  are  fovirces 
of  nervous  matter  or  energy. 

Derived  from  this  origin,  (the  brain), 
we  find  forty  pairs  of  nerves  diftributed 

through 
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through  the  body,  viz.  ten  which  imme- 
diately proceed  from  the  encephalon,  and 
thirty  which  pafs  ofF  from  the  medulla 
fpinalis.  Of  thefe  we  find  four  proceed- 
ing immediately  from  the  brain,  which 
are  deftined  to  receive  various  impreflions 
from  external  objedls,  by  which  the  fenfa- 
tions  of  fight,  hearing,  fniell,  and  tafle 
are  produced.  The  refl  are  diftributed  to 
the  various  mufcles,  and  extended  on  the 
furface  of  the  body,  effecting  the  motion 
of  the  mufcular  folid,  and  producing,  in 
every  part  of  the  fyftem,  by  impreflions 
from  different  fubftances,  that  fenfation 
which  we  caW  feeling.  To  whatever  pur- 
pofe  the  nerve  rs  applied,  whether  to  re- 
ceive fenfation,  or  to  excite  motion,  we 
do  not  perceive  any  difference  in  its  flruc-  ' 
ture  ;  it  is  in  every  inflance  formed  of  the 
fame  foft  medullary  fibre.  We  perceive, 
indeed,  the  optic  nerve,  at  its  termina- 
tion, is  extended  into  a  delicate  web,  which 
covers  the  furface  of  the  eye.  The  portio 
mollis  alfo  of  the  auditory  nerve,  is  ex- 
tended in  a  very  foft  pulpy  form  on  the 

inner 
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inner  camera  of  the  ear  ;  but,  excepting 
tliefe  two,  we  obferve  no  variations  in  the 
external  appearance  of  the  nerves  at  their 
terminations  :  Nor  do  we  difcover,  even 
in  thefe,  any  peculiarities  of  ftruiflure,  by 
which  we  can  be  able  to  affign  a  reafon 
why  the  one  iliould  .receive  the  rays  af 
light,  refledled  from  furrounding  bodies, 
by  which  the  fenfation  of  fight  is  produ- 
ced ;  or  why  the  other  Ihould  be  affected 
by  percuflions  of  the  air,  fo  as  to  com- 
municate the  different  fenfations  of  found. 
We  obferve,  indeed,  that  feveral  of  the 
nerves  which  are  defigned  to  communicate 
particular  fenfations  ta  the  mind,  are  fur- 
nifhed  with  peculiar  apparatus.  Such,  we 
obferve  in  the  wonderful  flrudlure  of  the 
eye ;  and  in  the  ftriking  contrivance  exhi- 
bited in  the  veftible,  cochlea,  and  femicir- 
cplar  canals  of  the  ear.  That  thefe  appa- 
ratus are  effentially  requifite  to  enable  the 
nervous  matter  to  receive  particular  fenfa- 
tions, cannot  be  doubted :  But  it  mufl  re- 
main as  a  queflion  which  probably  will  never 
'  be  determined,  whether  the  medullary  mat- 
ter 
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ter  itfelf  does  not  undergo  feme  modifica- 
tion, by  which  it  is  fitted  refpe6iively  to 
receive  imprefiions  from  light,  found,  odo- 
rous or  fapid  fubftances  ; — to  diftinguifli 
the  nature  of  other  fubftances  by  wliat 
we  call  feeling, — or  to  excite  the  mufcular 
aclion.  Whatever  may  be  in  this,  we 
are  certain,  that  fenfation  altogether,  and 
mufcular  motion  in  a  greaft  meafure,  are 
produced  by  the  operation  of  various  a- 
gents  upon  the  nervous  fyftem.  If  a 
nerve  is  irritated,  acute  pain  is  induced ; 
and  in  proportion  to  the  number  of  nerves 
with  which  any  part  of  the  body  is  fup- 
plied,  it  is  poffelTed  of  a  greater  or  lefler 
fenfibility.  Thus,  in  the  eye  and  the  pe- 
nis, which  are  plentifully  fupplied  with 
nerves,  the  feeling  is  extremely  acute ; 
and  the  tendons,  ligaments,  bones,  and 
cartilages,  into  which  few  nerves  enter, 
have  in  the  found  ftate  little  or  no  fenfa- 
tion. But  if,  on  the  other  hand,  the 
communication  between  the  fentient  ex- 
tremities of  the  nerves  and  the  fenforium 
commune  is  obftruded,  as  by  the  divifion 

.  -of 
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of  the  nerve,  the  fenfation  of  the  part  be- 
yond the  divifion  is  entirely  deftroyed. 

Having  thus  taken  a  curfory  view  of 
the  various  parts  of  which  the  body  is 
compofed,  and  having  briefly  pointed  out 
the  refpcctive  ufes  of  each,  we  proceed, 
fecondly,.  to  fliow,  that  by  the  union  of 
the  various  parts  of  the  animal  body,  a 
complete  and  indivifible  whole  is  formed, 
{p  that  any  agent  which  operates  upon  a 
particular  part,  muft  in  a  greater  or  lelter 
degree  affecl  the  whole. 

By  the  union  of  the  various  parts  of  the 
animal  body,  an  indivilible  organlg  fyflem 
is  conftituted.  While  this  organization 
fubfilts,  and  the  proper  powers  a6t  upon 
it,  life  continues;  and  the  living  principle 
is  precifely  the  fame,  one  and  undivided, 
in^every  part  of  the  fyflem.  This  unity, 
as  we  have  already  faid,  is  efFeifted  by  the 
univerfal  diftribution  of  the  nerves  to 
every  part  of  the  body.  It  is  impoflible 
to  account  for  the  efFeds  produced  by  the 
action  of  all  or  any  one  of  thefc  powers, 
which  are  capable  of  operating  v^on  the 

body, 
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body,  excepting  from  this  fad,  that  it 
forms  an  indivilible  whole.  As  this  is  a 
point  of  confiderable  importance  in  phy- 
liology  and  the  pra6lice  of  medicine,  it  is 
proper  to  illuftrate  it,  by  mentioning  a  few 
fa(5ls,  which  fully  prove  that  no  power 
can  operate  upon  any  part  of  the  body 
withouj:  producing  fimilar  effedls  in  a 
greater  or  lefler  degree  throughout  its 
whole  fubftance.  And  firft,  If  a  ftimulus 
is  applied  to  any  part  of  the  fyftem,  the 
whole  is,  in  a  certain  period,  brought  in- 
to the  fame  ftate  as  the  part  to  which 
the  ftimulus  was  dired:ly  applied.  The 
aiftion  of  the  ftimulus  is  indeed  firft  ex- 
erted on  th^  organization  of  the  part  to 
which  it  is  immediately  applied;  and  if  it 
is  of  that  clafs  of  ftimuli  which  produces 
a  temporary  energy  in  the  fyftem,  as  al- 
cohol or  opium,  we  find  that  vigour  is  in- 
ducedj  or  the  ac^lion  of  the  fyftem  is  firft 
excited  in  that  part  to  which  the  applica- 
tion of  the  ftimulus  is  made  ;  but  in  a 
ftiort  period  the  fame  energy  is  produced 
throughout  the  fyftem.  On  the  contrary, 

I  if 
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if  any  power  which  is  capable  of  produ- 
cing a  debilitating  efFedl  is  applied  to  a 
particular  part,  debility  is  immediately 
produced  in  that  part ;  but  it  will  quickly 
be  extended  in  a  certain  degree  over  the 
whole.  It  is  true,  every  part  of  the  body 
is  not  equally  fufceptible  of  the  adlion  of 
ftimuli.  The  brain  and  the  alimentary 
canal,  for  example,  are  more  powerfully 
a6led  upon  by  a  given  ftimulus  than  the 
furface  of  the  body.  But  this  does  not  a- 
rife  from  any  elTential  difference  in  the 
organization  of  thefe  various  parts,  by 
which  the  former  are  fufceptible  of  the 
adlion  of  the  ftimulant,  and  the  latter  not; 
for  they  are  all  capable  of  receiving  a  ii- 
milar  imprefTion,  though  differing  in  de- 
gree. It  arifes  then  merely  from  the  or- 
ganization oh  the  fuperficies  of  the  body 
being  fo  modified  as  to  render  it  lefs  fiif^ 
ceptible  of  the  adion  of  flimuli  than  the 
brain  or  ftomach.  The  fame  reafoning 
applies  to  all  the  varieties  which  we  ob- 
ferve  in  the  adion  of  different  powers^ 

whether 
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whether  the  healthful  or  the  morbid,  uj)-« 
on  various  parts  of  the  body. 

The  unity  of  the  fyftem  is  again  fufE- 
ciently  proved  by  the  efFedls  produced  by 
a  debihtating  power  being  apphed  to  any 
part  of  the  body.  We  obferve  thefe  effects 
moft  ftrikingly  In  perfons  whofe  organi- 
zation is  deUcate  and  feeble.  In  thefe  the 
application  of  fuch  debilitating  powers 
will  produce  deliquium  animi.  Thus  cer- 
tain odours  will  induce  this  efFe^l.  A  blow 
on,  or  ftrong  compreflion  of  the  points 
of  the  fingers,  will  alfo  induce  deliquiuiti 
animi.  In  fome  inftances,  the  continued 
operation  of  thefe  powers,  and  perhaps  in 
all,  if  the  degree  of  their  adlion  is  fome- 
what  increafed,  life  will  be  deftroyed. 
Upon  the  other  hand,  if  the  vital  func- 
tions have  not  been  too  long  flifpended, 
the  application  of  a  gentle  ftimulus  to  any 
part  of  the  body,  will  reproduce  the  exer- 
cife  of  thefe  fundlions.  This  fympathy, 
which  we  obferve  in  all  thefe  cafes  be- 
tween the  various  parts  of  the  body,  can- 
not be  accounted  for  except  we  admit, 

I  2  that 
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that  throughout  the  fyftem  there  is  a 
famenefs  of  ftrudlure,  and  univerfal  unity 
of  fubftance  ;  fo  that  if  any  part  be  afFed- 
.  ed,.the  whole  fyftem  muft  more  oV  lefs 
fufFer,  in  proportion  to  the  degree  in 
which  the  injurious  power  operates. 

The  indivifibiUty  of  the  body  is  farther 
proved,  by  the  phenomena  of  various  dif- 
eafes.  Thus  vomiting  is  frequently  pro- 
duced by  the  prefence  of  biliary  concre- 
tions in  tfie  gall  dudls,  or  by  calculi  in 
the  kidneys,  ureters,  or  bladder  of  urine. 
This  fympathy,  fubfifting  between  the 
ftomach  and  the  part  to  which  the  irri- 
tating fub'ftance  is  applied,  can  pnly  be 
explained  upon  the  principles  which  we 
have  juft  ftated; — So  alfo  injuries  received 
by  the  "head,  frequently  •  produce  vomit- 
ing, .  and  fpafiA  of  the  mufcles  in  the  op- 
polite  fide  of  the  body  to  that  upon  which 
the  injury^  was  applied  ;  which  ftri(fVly 
proves, .  that  the  brain  is  an  indivifible 
mafs,  and  that  all  the  nerves  are  merely  a 
continuation  of  it. — Spafmodic  afFe(5lions 
alfo,  of  many  of  the  voluntary  mufcles, 

often 
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often  occur  during  fevere  vomiting  and 
purging. — 111  like  manner,  a  wound  in 
any  of  the  extremities,  and  even  in  the 
mod  diftant  part  of  an  extremity,  will 
produce  a  locked  jaw.  The  whole  of 
thefe  effe(!ils  can  only  be  accounted  for, 
6n  the  fuppofition,  that  by^  the  univerfal 
diftribution  of  the  medullary  fibre,  every 
part  of  the  body  is  united,  fo  as  to  confti- 
tute  an  indivifible  whole. 

This  fubje^l  may  be  farther  illuftrated, 
by  the  efFed:s  produced  on  the .  body  by 
the  operation  of  the  more  powerful  ar- 
ticles of  the  Materia  Medica.  A  large 
doze  of  opium  taken  into  the  ftomach, 
will  entirely  deftroy  fenfibility  in  every  ^ 
part,  and  quickly  produce  death ;  and  . 
the  fame  fubftance,  when  employed  in  a 
proper  quantity,  will  procure  an  abate- 
ment of,  pain  in  the  moft  diftant  parts, 
and  will  remove  a  fpafmodic  afFecflion  of 
all  or  any  mufcle  of  the  body. — It  may 
be  added,  that  a  given  quantity  of  opium, 
injeded  into  the  redum,  will  not  produce 
the  fame  effedl  in  relieving  painful  fenfa- 
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tions,  or  in  removing  fpafm,  as  if  it  had 
been  received  into  the  ftomach.    We  have 
already  affigned  the  caufe :  — The  organi- 
zation of  the  recflum  does  not  efTentially 
differ  from  that  of  the  flomach,  but,  from 
its  pecuhar  modiftcation,  it  is.  not  fo  fuf- 
ceptible  of  the  a6lion  of  ftimuH  as  the  in- 
ternal furface  of  the  flomach.     But  a 
fufciently  large  doze  of  opium  injecfl- 
ed  into  the  re6lum,  would   as  infalli- 
bly  deflroy   life,   as   a    fmaller  when 
received  into  the  flomach.    Nor  are  the 
deleterious  effedls  of  opium,  or  any  o- 
ther  fubflance,  produced  by  thefe  mat- 
ters being  applied  to  every  part  of  the 
Tyflem,  but  merely  by  their  adlion  upon 
any  part  of  the  organized  rnatteri    It  was 
indeed  at  one  time  a  generally  received 
opinion,  that  no  article  whatever  could 
produce  death,  unlefs  it  entered  the  gene- 
ral mafs  of  circulating  fluids,  and  was  by 
that  means  conveyed  to  every  part  of  the  / 
body,  or  at  leafl  to  the  nobler  parts.  But 
we  have  the  mofl  demonflrative  evidence, 
that  thefe  deleterious  efFeds  are  produced 

without 


OF  ANIMAL  LIFE.  71 

■witliout  a  particle  of  the  poifonous  mat- 
ter being  mixed  with  the  circulating 
fluids.  Thus,  if  the  fciatic  nerve  of  a 
frog  is  laid  bare,  and  a  folvtion  of  opium 
is  applied,  the  life  of  the  animal  is  irnme- 
diately  deftroyed. — Now,  if  the  fame  ex- 
periment is  performed  upon  a  frog,  the 
heart  of  which  has  been  previoufly  cut 
out,  fo  that  the  fzirculation  is  entirely  in- 
terrupted, the  famie  efFedl  will  be  produ- 
ced. This  experiment  affords  a  clear 
proof  that  the  poifon  was  not  conveyed 
by  the  circulating  fluids.  We  have  alio 
formerly  noticed,  that  inflantaneous  death 
is  produced  in  the  ftrongeft  man  by  a 
Angle  drop  of  the  oleum  laaro-cerafi  be- 
ing received  into  the  ftomach  ;  and  in 
this  cafe,  neither  the  quantity  of  mattet 
received,  nor  the  period  required  to  pro- 
duce death,  will  permit  the  fuppofition, 
either  that  the  poifon  has  bfeen  received 
into,  or  that  it  is  tranfmitted  by  the  cir- 
culating fluids.  We  muft  be  fatisfied 
that  the  poifon  ads  upon  that  part  of  the 
organized  fubftance  with  which  it  is  imr- 

mediately- 
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mediately  in  contadl,  and  that  its  effedls 
are  tranfmitted  with  fuch  aftonifliing  ce- 
lerity through  every  part  of  the"  fyftem, 
becaufe  that  fyftem  is  perfectly  indivi- 
fible. 

The  influence  of  the  mental  energy  up- 
on all  the  voluntary  mufcles,  affords  ano- 
ther clear  proof  of  the  indivifibility  of  the 
body.    The  determination  of  the  mind  to 
perform  a  particular  adlion,  is  frequently 
inftantaneous ;  and  no  fenfible  point  of 
time  intervenes  between  the  mental  de- 
termination,  and  the  mufcular  motion 
by  which  the  adlion  is  performed.  In 
fome  inftances,   the  effect  fo  inftantan- 
eoufly  accompanies    the  determination 
of  the  .will,   that  we  are  almoft  ready 
to  aTcribe  it  to  a  mechanical  operation, 
rather  than  to  mental  volition.  Thus, 
the  motion  of  the  limbs  in  dancing,  is  fo 
perfectly  fynehronous  with  the  found  of 
the  mufic,  that  we  can  fcarcely  obferve 
any  exertion  of  the  mental  faculty.  Yet 
in  this  cafe  we  eafily  perceive  that  the 
found  muft  have  aded  upon  the  auditory 

nerve, 
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nerve,  —  the  fenfation  mull:  have  been 
traiifmitte'd  to  the  fenforium  commune,— 
and  the  determination  of  the  will,  in  con- 
fequence  of  this  fenfation,  muft,  in  the 
order  of  things,  have  preceded  the  muf- 
cular  motion.  In  the  order  of  time,  how- 
ever, we  cannot,  by  the  moft  accurate 
examination,  perceive  that  the  found  of 
the  mulic  precedes,  in  the  lead  degree, 
the  laft  efFedl  produced,  viz.  the  motion 
of  the  limbs.  Can  we  poflibly  account 
for  the  inftantaneous  effe(5l  produced  on 
the  bodily  organs  by  the  mental  decifion, 
except  on  the  principles  here  flated  ? 

As  a  laft  and  equally  decifive  proof  of 
the  indivifibility  of  the  body,  we  may 
mention  that  relation  which  fubfifts  be- 
tween it  and  the  pafTions  of  the  mind.  A- 
greeable  paffions,  or  the  paQions  reftrain- 
ed  within  moderate  bounds,  produce  the 
fame  beneficial  effects  upon  the  body  as 
the  other  healthful  or  natural  ftimuli. 
But  when  thefe  are  excited  to  a  confider- 
able  degree,  fo  as  to  produce,  for  example,^ 
exceffive  joy  or  extreme  grief,   we  find 

K  that 
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that  tlieir  effeds  are  as  injurious  to  the 
body  as  the  moft  powerful ,  external  a- 
gents,  producing  various  efFedls,  as  de- 
bility, mania,  and  even  death,  in  propor- 
tion to  their  nature,  and  the  degree  of 
thieir  a6lion ;  on  the  contrary,  if  the  or- 
ganization of  the  body  is  confiderably  af- 
fedled,  a  mental  imbecility,  or  a  total  de- 
rangement of  the  mental  functions,  not 
^^infrequently  follow.  Thefe  fa6ls  fuffi- 
ciently  fliow  the  intimate  connedlion 
which  fubfifts  between  the  mental  func- 
tions and  the  bodily  organization  ;  and 
afford  no  indecifive  proof,  that  the  organi- 
zed matter  of  animal  bodies  mufl  be  con- 
fidered  as  forming  an  indivifible  fyftem. 
And,  as  we  have  already  faid,  while  this 
organization  continues,  and  the  proper 
powers  a(5l  upon  it,  life  continues,  and 
the  living  principle  is  precifely  the  fame, 
and  undivided  in  every  part  of  the  fyf- 
tem. ' 

The  human  body  then,  although  made 
up  of  parts  that  are  feemingly  dilTimilar, 
particularly  with  regard  to  ftrudlure,  ap- 
pears 
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pears  to  be  a  complete  whole  ;  and  each 
of  thefe  parts,  from  the  peculiar  modifi- 
cation of  ~its  organization,  is  admirably 
iitted  for  performing  the  purpofe  to  wliich 
it  is  deftined.  The  bones,  cartilages,  and 
the  cellular  fubflahce,  are  lefs  fufceptible 
of  the  adlion  of  ftimuli  than  the  mufqu- 
lar  and  nervous  fibre.  Thefe  laft  form 
the  moft  important  parts  of  the  body,  and  ' 
upon  them  the  aclion  of  every  power  is 
moft  eminently  exerted.  At  the  fame  time, 
no  agent  can  operate  upon  any  part  of  the 
body,  whatever  may  be  the  peculiar  mo- 
dification, of  organization  in  that  part, 
without  the  whole  being  ultimately  ajffedl-^ 
ed. 

We  go  on,  thirdly,  to  offer  fome  gene- 
ral obfervations  on  the  nature  of  excitabi- 
lity ;  or  that  principle  which  appears  to 
exift  in  every  part  of  the  body,  and  by 
which  it  is  rendered  ftifceptible  of  the  ac- 
tion of  /various  agents.  , 

The  fubjedl  of  animal  life  is  a  fimple 
uniform  organized  body.  But,  as  we  have 
faid,  no-  mode  of  organization  whatever 
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is  fufficient  to  produce  the  phenomena  of 
life,  unlefs  certain  pecuUar  agents  operate 
upon.this  organization  :  and  thefe  agents 
mufl  be  accommodated,  both  in  thedr 

I  quality,  and  in  the  degree  of  their  opera- 
tion, to  the  peculiar  ftrudlure  of  the  orga- 
nized fubftance.  Thus  life  is  -  produced 
and  continued  by  the  healthful  or  natural 
ftimuli  ailing  in  due  proportion.    By  to- 

-  tally  abftrading  all  or  any  of  thefe  ftimuli, 
or  by  their  adling  in  too  great  a  degree, 
the  functions  of  life  are  impaired,  and  at 
.  length  totally  deftroyed.  By  the  aftion 
of  any  of  the  morbid  ftimuli,  health  is  in- 
jured;  and  when  they  operate  to  a  certain 
extent,  the  powers  of  life  are  Entirely  ex- 
tinguifhed.  Again,  when  injurious  ef- 
fedls  have  been  induced  by  the  abftradlion 
or  too  forcible  operation  of  the  natural 
ftimuli,  or  by  tjie  adlion  of  the  morbid 
ftimuli ;  thefe  injurious  effects  may  be  ob- 
viated, and  the  health  of  the  fyftem  refto- 
red,  by  employing  the  artificial  ftimuli  in 
due  prpportion.  Thefe  fads  fully  prove 
that  the  phenomena  of  life  are  produced 

by 


OF  ANIMAL  LIFE.  77 

by  the  "operation  of  certain  agents  upon 
organized  matter.    The  phenomena,  from 
the  prefence  of  which  we  can  infer  the 
exigence  of  animation  or  Hfe,  are,  in  the 
inferior  orders  of  animals,  fenfatign  and 
motion.    In  man,  we  may  add  to  thefe, 
the  exercife  of  the  mental  fundlions.    Yet . 
if  none  of  thefe  are  prefent,  we  cannot 
abfolutely  conclude  that  life  is  extinguifh- 
ed,  while  nq  material  alteration  has  taken 
place  in  the  bodily  organization.  Daily 
obfervation  fu'rnifhes  us-  with  many  fa(5ls 
that  prove  the  p~onibility  of  producing 
the  phenomena  of  life,  after  they  have 
been  fufpended  for  a  longer  or  fliorter  pe- 
riod.   But  the  fame  fadls  alfo  furnifli  the 
moft  decifive  evidence  that  this  reproduc- 
tion of  life  is  folely  effedled  by  the  adlion 
of  ftimuli  upon  the  bodily  organization. 
In  the  partial  and  very  temporary  fufpen-' 
fion  of  the  vital  fundlions  during  deli- 
quium  animi,  we  fee  an  example  of  the 
organization  beingTo  far  injured,  as  not 
to  be  fufceptible  of  the  action  of  the  ordi- 
nary healthful  ftimuli.    In  thefe  cafes,  the 

reprodudiign 
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reproduaion  of  all  the  vital  fundions  is 
at  leaft  facilitated  by  employing  fome  of 
the  more  powerful  of  the  artifiqial  ftimuli. 
Again,  in  that  fufpenfion  of  the  vital 
fundlions,  for  a  longer  or  fliorter  period, 
produced  by  fubmeriion,  we  obferve  the 
phenomena  of  life  to  difappear,  fimply  by 
the  abftradtion  of  the  ftimulus  ^f  ain  This 
is  one  of  the  natural  ftimuli,  the  perpetual 
ac5lioil  of  which  (on  principles  which  we 
are  fhortly  to  explain),  is  necelTary  for  the 
continuance  of  life.  This  ftimulus  may 
be  abftradled  for  a  certain  [tinre,  without 
the  organization  undergoing  any  material 
alteration.  When  the  body  is  taken  out 
of  the  water, .  it  is  indeed  incapable  of  be- 
ing a(51:ed  upon  by  the  ordinary  healthful 
ftimuli :  and  if  the  artificial  ftimuli,  in 
various  modes,  are  not  employed^  the  dif- 
ferent animal  fun6lions  will  no  more  be 
called  into  adlion.  In  this  cafe,  the  re- 
produdlion  of  the  phenomena  of  life,  evi-i- 
dently  depends  upon  the  adtion  of  ftimuli; 
It  deferves  here  to  be  remarked,  that  one 
of  the  moft  important  of  thefe  is  the 

artificial 
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artificial  introduction  of  one  of  the  natu- 
ral flimuli,  viz.  air,  into  the  lungs ♦  Pert- 
haps  tlae  moft  important  agent  in  thefe 
cafes,  in  reftoring  the  tone  of  the  fibre,  fo 
as  to  render  it  capable  of  being  adted  up- 
on by  the  healthful  flimili,  is  heat.  Ani- 
mal heat  is  chiefly,  if  not  wholly,  fupplied 
by-  the  refpiratory  fundlion  :  and  if  refpi- 
ration  has  been  too  long  obftru6led  by 
fubmerfion,  or,  in  other  words,  if  the  fti- 
mulus  of  heat  has  been  too  long  abftrac- 
ted  from  the  animal  body  ;  we  find  the 
organization  is  fo^  much  deranged,  that  it 
is  no  longer  fufceptible  of  the  a6lion  of  the 
moft  powerful  ftimuli,  whether  natural  or 
artificial  ;  and  the  powers  of  life  are  for 
ever  extinguiilied.  / 

That  the  production  of  the  phenomena 
of  life  depends  upon  the  action  of  ftimuli 
upon  the  bodily  organization,  may  be 
further  illuftrated,  by  many  experiments 
which  have  been  made  upon  organized  ■ 
matter,  even  after  the  fundipns  of  life 
have  ceafed.  Thus  we  find  that  the  muf- 
cular  fibre,  even  when  feparated  from  the 

fyftem, 
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fyflem,  may  be  excited  to  adion,  by  me-- 
chanical  and  chemical  flimuli,  for  a  con- 
fidercfble  length  of  time  after  the  appa- 
rent death  of  the  animal,  or  after  the  fe- 
paration  from  the  fyftem  of  the  particular 
portion  of  mufcular  fibre  upon  which  the 
experiment  is  performed.    It  was  indeed 
formerly  fuppofed,  that  this  property,  of 
being    excited  to  a6lion  after  apparent 
death,  was  confined  to  the  mufcular  or 
irritable  fibre :  but  the  influence  recently 
difcovered   by   Galvani,   tlearly  ftiows 
that  the  medullary .  fibre  alfo  is  fufcep- 
tible  of  the  a(5lion  of  ftimuli  after  the 
functions  of  life  have  apparently  ceafed. 
In  the  experiments  upon  animal  ele(5lri-N 
city,  as  it' has  been- improperly  called,  it 
is  fufEciently  plain,  that  two  or  more  me- 
,  tals,  when  brought  into  contaifl,  are  capa- 
ble of  producing  a  peculiar  ,and  powerfully 
ftimulating  effedt  upon  the  organs  of  fen- 
fation  and  motion,  whether  in  the  per- 
fectly living  ftate,  or  after  apparent  death. 
But  even  thefe  metallic  flimuli,  however 
powerful,  ceafe  to  excite  either  the  medul- 
lary 
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lary  or  mufcular  fibre,  when  the  organi- 
zation has  undergone  a  certain  degree  of 
derangement. 

It  may  be  further  obferved,  in  proof  of 
this  dodlrine,  that  the  fufceptibiUty  of  the 
animal  fibre  for  the  adlion  of  flimuli,  af- 
ter the  phenomena  of  Hfe  have  ceafed,  is 
extremely   varied   in   different  fubjevfls. 
The  degree  of  its  fufceptibility  depends 
upon  the  greater  or  leffer  degree  of  de- 
rangement in  the  organization  produced 
by  the  immediate  caufe  of  death.  For 
example,  the  fibre  of  a  perfon  whofe  life 
has  been  deftroyed  by  certain  fpecies  of 
poifon,  is  much  lefs  capable  of  being  ex- 
cited by  flimuli,  than  that  of  a  perfon 
dying  by  fever al  ordinary  difeafes,  or  of 
one  whofe  life  may  have  been  fuddenly 
taken   away,  in   a  flate  of  health,  by 
flrangling,  or  other  modes  by  which  the 
organization  has  not  undergone  any  ma- 
terial injury  *.     Thefe  varieties  in  the 

L  flate 

*  Dr  Girtanner  has  attributed, .  as  we  have  already- 
noticed;  tliefe  variations  in  tlie  excitability  or  irsitabili- 
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ftate  of  the  animal  fibre  in  different  fub- 
jedls,  after  the  ceffation  of  the  ordinary  , 
phenomena  of  life,  cannot  be  accounted 
for,  excepting  on  the  fuppofition  that  the , 
organization  has^  undergone  different  de- 
grees of  derangement  by  the  various  cau- 
fes  of  death. 

.  During  the  continuance  of  Ufe,  we  fre- 
quently fee  the  flate  of  the  fibre  extreme- 
ly varied,  with  refpedl  to  its  fufceptibili- 
ty  of  the  action  of  ftimuli,  by  difi'erent 
difeafes.  Paralyfis  affords  a  very  flriking 
illuflration  of  this  obfervation.  We  fee  a 
perfon  apparently  enjoying  the  full  eft  flate 
of  health, — the  vital  fun(5lions  feemingly 

in 

ty  of  the  mufcular  fibre,  to  the  abftra£l;ion  or  addition 
of  oxygene.  This  opinion  is  merely  hypothetical. 
Oxygene  may  indeed  be  extracted  from  thp  mufcular 
fibre  after  death  and  it  would  perhaps  be  worth  while 
to  try  the  experiment,  whether  as  much  oxygene  may 
not  be  obtained  from  the  mufcular  fibre  of  an  animal, 
the  life  of  which  has  been  deftroyed  by  one  of  the 
Doftor's  pofitive  ftimuli,  as  from  an  equal  quantity  of 
the  mufcular  fibre  of  another  animal,  the  life  of  which 
has  been  taken  away  by  one  of  his  negative  ftimuli.  I 
fufpeft  fuch  ail  experiment  would  entirely  overthrow 
Dr  Girtanner's  theory. 
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in  the  moft  perfedl  exercife, — and  all  the 
life-fupporting  powers  acting  vipon  him 
with  their  ufual  force, — when  fuddenly, 
fbme  of  his  mnfcles  lofe  the  power  of  mo- 
tion. To  what  caufe  are  we  to  afcribe 
this  change  ?  Certainly  to  a  change  in  the 
organization  of  the  part,  by  which  it  is 
rendered  incapable  of  being  adled  upon 
by  the  natural  ftimuli.  How  are  we  to 
remove  the  difeafe  ? — If  it  is  remediable, 
every  one  will  admit,  that  the  efFedl  can 
only  be  produced  by  employing  the  natu- 
ral and  artificial  ftimuli  in  due  propor- 
tion. 

In  every  view  that  we  can  take  of  this 
fubjedl,  it  appears  then,  that  the  pheno^ 
mena  of  life  can  only  be  produced  in  bo- 
dies peculiarly  organized  ;  and  that  thefe 
phenomena  commence,  and  are  continued, 
by  the  operation  of  certain  agents,  the  ac- 
tion of  which  muft  bear  a  fixed  propor- 
tion to  the  (late  of  the  organization.  Up- 
on thefe  fimple  principles  we  account  for 
animation ;  and  the  theory  we  find  fup- 
ported  by  all  the  phenomena  of  nature 

L  2  whicl^ 
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which  pafs  under  our  obfervation,  and  by 
all  the  experiments  which  we  can  per- 
form upon  organized  fubflances.  In  vain 
then  fliall  we  fearch  for  any  principle  of 
life,  excepting  the  adlion  of  thefe  agents 
upon  matter  which,  by  its  peculiar  ftruc- 
ture,  is  fufceptible  of  their  operation. 
The  fufpenfion  of  refpiration,  and  the 
ccflation  of  the  adlion  of  the  heart,  have, 
by  fome,  been  fuppofed  the  caufe  of 
death:  But  in  fa6l  thefe  vital  fundlions 
never  ceafe,  unlefs  the  powers  which,  by 
their  ftimulus,  excite  their  action,  have  been- 
abftradled,  or  t\^t  the  organization  has 
fuffered  fuch  a  derangement  as  to  render 
the  body  unfufceptible  of  the  adlion  of  thefe 
powers.  In  either  cafe,  the  celTation  of 
a(5lion  in  the  heart  and  lungs  isr  merely 
an  effedt,  not  a  caufe  of  death  n  land  that 
eifedl  is  either  limply  a  confequence  of  a. 
faulty,  adlion  of  the  life-fupporting  pow- 
ers, or  a  derangement  of  the  bodily  or- 
ganization. 

From  the  fadls  here  adduced  we  may 
jyarrantably  conclude,  that  it  is  only  by 

the 
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the  various  modifications  to  which  the  a- 
nimal  fibre  is  Hable,  that  we  can  explain 
all  the  phenomena  of  health  and  difeafe. 
It  is;  by  the  diflFerent  ftates  of  the  organi- 
zation that  the  varioTi^^  ftages  of  animal  life 
are  formed,  as  infancy,  childhood,  you'th, 
rnalihbbd,  and  old  age.  The  various  modi- 
fications which  take  place  in  the  fifere  du- 
ring thefe  periods,  rendet  the  operation  of 
flimuli  upon  the  body  eXceediligiy  'dijSfef- 
ent.  At  the  fame  titfie  we  lhall  find,  thalt 
\hefe  different  modifications  of  the'  orga- 
nization are,  in  a  great  ^heafii^i^e,  produ- 
ced by  the  continued  operation  of  the 
healthful-  or  natural  ftimtili'  upon  the 
body. 

^  The  fufceptibility  which  we  obferve  in 
aniiHal  bodies,  of  being  adled  upon,  and 
excited  to  action,  by  various  agents,  Aas 
been  termed  excitability.  The  powers 
which  produce  this  effect  are  confequerit- 
ly  named  exciting  powers ;  and  the  effedl 
produced  by  their  adiion  is  ftyled  excite- 
ment, or  the  ftate  of  excitement. 

Excitability  is  then  a  firoperty  inherent 

ia 
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in  living  matter.  We  have  afcribed  it  to 
a  peculiar  grganization  ;  and  the  varieties 
which  we  obferve  in  the  phenomena  of 
life, '  as  they  appear  in  4ifferent  orders  of 
animals  and  vegetables,  we  alfo  refer  to 
the  different  modifications  of  that  organi- 
zation. That  excitability  peculiarly  be- 
longs to  organized  matter,  is  a  fa(5l,  for 
the  truth  of  which  we  Have  ocular  de- 
monftration  ;  and  it  is  an  ultimate  facl, 
beyond  which  it  feems  impoffible  for  hu- 
man refearch  to  be  extended. 

It  will  from  hence  follow,  that  the  ftate 
of  the  organization  will,  in  all  cafes,  ex- 
prefs  the  ftate  of  the  excitability.  The 
latter  will  always  vary  according  to  the 
different  modifications  which  the  former 
undergoes ;  or,  in  other  words,  the  ftate 
of  the  organization  and  the  ftate  of  ex- 
citability are  convertible  terms. 

To  illuftrate  this  fubjed:,  we  fhall  en- 
deavour to  confider  the  principle  of  exci- 
tability, or  the  ftate  of  the  animal  organi- 
zation, in  feveral  points  of  view  ;  and  fir  ft, 
as  it  appears  in  an  individual  at  the  three 

different 
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different  periods  of  life,  infancy,  maa- 
hood,  and  old  age. 

-  Infancy  is  diftinguiflied  by  a  weak  and 
delicate  organization  :  the  weakeft  ftimu* 
lus,  and  in  the  fmalleft  quantity,  is  ca-  ^ 
pable  of  exciting  adlion  in  the  fyftem ;  and 
hence  nature -has  provided,  in  ^the  mo- 
ther's milk,  a  mild  nutritious  fluid  for  its 
fupport.  The  weak  ftate  of  the  animal 
fibre,  renders  it  impoffible  to  ^produce  in 
the  infant  fyftem  vigour  of  body,  or  that 
ftate  which  has  been  termed  high  excite- 
ment. Hence  the  fufceptibility  of  being 
excited  by  different  agents,  whether  natu- 
ral or  artificial,  is,  by  their  too  powerful 
operation,  quickly  deftroyed.  A  full  meal 
of  the  mother's  milk,  or  other  mild  fub- 
ftances,  foon  induces  fleep ;  and  a  very 
fmall  dofe  of  the  ftronger  ftimuli,  as  alco- 
hol or  opium,  will  immediately  deftroy 
hfe,  or  utterly  exhauft  the  excitable  prin- 
ciple. Thefe  fadls  lead  to  a  plain  conclu- 
fion,  that  a  high  ftate  of  excitability  im- 
plies a  feeble  organization.  It  follows  al- 
fp,  that  the  operation   of  thofe  agents 
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which  produce  adion  in  the  fyftem,  even- 
tually deftpoys  its  capacity  for  being  exci- 
ted. Too  great  a  quantity  of  the  mofl 
proper  food  foon  produces  debility  in 
the  ir^fant  fibre;  and,  as  we  have  juft 
faid,  the  more  powerful  ftimulants,  in  a 
very  minute  proportion,  will  quickly  fo 
much  derange  the  organization,  as  -  to 
render  it  incapable  of  being  excited. 

In  fome  of  the  fucceeding'  pages,  we 
fliall  have  occafion  particularly  to  fliow, 
that  many  of  thole  agents,  the  operation 
of  which  is  neceflary  to  the  produ(5lion 
and  continuance  of  life,  do  not  adl  merely 
as  fimple  ftimulants,  but  that,  by  the  ad- 
dition of  new  matter,  they  communicate 
vigour  to  the  body,  and  hence  preferve  the 
animal  exiftence.  Such  is  the  ufe  of  aliment 
in  general.  The  infant  fibre  is  fo  rhodi- 
fied,  as  to  be  capable,  by  the  aclion  of  the 
healthful  agents  in  juft  proportion,  parti- 
cularly aliment,  to  receive  an  acceffion  of 
new  matter,'  to  increafe  in  fize,  and  to 
acquire  a  more  vigorous  organization. 
Hence  the  body  becomes  lefs  fufceptible 

of 
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>©f  the  adion  of  ftimuli :  it  requires  a  greater 
proportioa  of  thefe  agents  to  produce  the 
ufual  effect ;  or,  in  other  words,  the  excita- 
bility is  diminifhed,  and  the  fyftem  becomes 
capable  of  a  higher  degree  of  excitement. 

As  the  too  powerful  a<5lion  of  ftimuii, 
whether  natural  or  artificial,  quickly  de- 
ranges the  infant  organization,  or  ex- 
haufts  the  excitability,  fo  alfo  that  principle 
is  rapidly  accumulated  by  ihe  abflrac- 
tion  of  the  healthful  agents.  From  the 
ieehle  ftate  of  the  animal  fibre  in  this  pe- 
riod of  life,  it  follows,  that  any  abftrac- 
tion  of  the  ufual  necefTary  ftimuii  will 
induce  weaknels  in  the  organization  ;  and 
if  this  abftradlion  is  carried  to  a  certain 
extent,  life  is  deftroyed. 

Here  it  muft  be  remarked,  that  we  do 
not  perceive  any  very  material  difference 
,  in  the  eflFeds  produced  on  the  animal 
body  by  thefe  two  feemingly  oppofite 
caufes,  the  too  powerful  axflion,  or  the 
total  abftra<flioji  of  ftimuii.  It  is  obvious, 
that  each  of  thefe  caufes  produces  debility  : 
The  efFe(5l  of  the  firft  has  been  termed 
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indire(fl,  and  that  of  the  fecond,  dired  de- 
bility. Perhaps  it  is  proper  that  fome  dif- 
tindlive  terms  fhould  be  employed  to  de- 
note the  effedls  of  caufes  fo  different,  al- 
though ultimately  their  eff^edls  appear  to 
be  precifely  the  fame.  We  (hall  have  oc- 
cafion  agaiij  to  advert  to  this  point,  and 
fhall  thecefore  only  obferve  at  prefent,  in 
illuftration  of  the  fabje6l,  firft,  that  the 
operation  of  ftimuli  muft  be  various,  in 
proportion  to  the  degree  of  their  ac- 
tion. When  employed  in  a  moderate 
degree,  or  juft  proportion,  they  do  cer- 
tainly exhauft  the  excitability,  or  ren- 
der the  fyftem  lefs  fufceptible  of  their 
adtion.  But  in  this  cafe  that  fufceptibi- 
lity  is  quickly  reftored,  and  brought  to 
the  healthful  point,  by  reft,  and  the  accef- 
fion  of  new  matter  from  the  aliment.  If, 
again,  ftimuli  are  employed  in  too  great, 
though  not  in  extreme  proportion,  the  fuf- 
ceptibility  of  excitation  is  ftill  more  rapid- 
ly, and  to  a  greater  degree,  diminiflied  ;  but 
no  fooner  has  the  operation  of  the  ftimuli 
completely  ceafed,  than  we  perceive  a  con- 
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liderable  degree  o£  weaknefs  induced,  at- 
tended with  a  high  degree  of  excitability. 
But  if  the  operation  of  the  ftimuli  is  in 
the  extreme,  the  excitability  is  totally  de- 
ftroyed,  i,  e.  the  powers  of  life  are  anni- 
hilated. ■  Second ly^  by  the  abftradion  of 
the  ufual  flimuli  in  any  degree, ;  the  fuf-' 
ceptibility  of  excitation  in  the  fyftem  is 
proportionally  increafed,  till,  by  the  con- 
tinuance of  that  abftradlion,  the  excitabi- 
lity totally  difappears.    We  fee  then  the 
naoft  ftriking  analogy  in  the  effe(5l8'  pro- 
duced by  the  too  powerful  adlibn,  and  the 
total  abftradlion,  of  the  neceflary  ftimuli. 
In  both  cafes,  the  organization  may  be  fo 
far  deranged  as  to  produce  death  ;  but  if 
the  operation  "ar'aBftf-adliqii  of -the  ftimuli 
is  not  carried  to  this  extent,^  in  bdth'  cafes 
debility  is  induced,  attended  with  an  in- 
creafed fufceptibility  of  the  a(5lion  of  fti-' 
muli,  or,  in  other  words,  a  high  excita- 
bility.   There  appears  then  ,to  be  no  effen- 
tial  difference  in  thofe  ftates  of  weaknefs 
which  have  been  termed  indiredl  and  di- 
red  debility.    This  point  we  fliall  after- 
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wards  take  occafion  to  illuftrate  by  ex- 
amples. 

By  flow  degrees,  through  the  acceflion 
of  new  matter,  the  infant  organization  ac- 
quires firmnefs  and  vigour,  till  at  length 
the  animal  body  acquires  its  higheft  de- 
gree of  perfedlion,  conflituting  the  ftatc 
of  manhood.  In  proportion  to  the  in- 
creafed  vigour  of  the  organization,  the 
excitability  is  diminifhed.  To  produce 
adlion  in  the  fyftem,  the  force  of  the  fti- 
muli  muft  be  augmented  :  and  the  body 
can,  with  impunity,  fuftain  the  adlion  of 
more  powerful  agents.  The  animal  func- 
tions are  carried  on  in  their  greateft  de- 
gree of  perfe(5lion ;  and  the  excitement  or 
vigour  of  the  fyftem  has  attained  its  ut- 
moft  poflible  height.  The  body  is,  how- 
ever, as,rin.;the  former  period,  liable  to 
the  fame  deviations  from  the  healtliful 
ilate,  by  the  fuperabundant  or  diminifli- 
cd  adlion  of  the  different  agents.  But  we 
obferve  a  material  change  to  have  taken 
place:  the  animal  body,  having  acquired 
its  higheft  degree  of  perfe^ftion,  is  only 
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capable  of  having  the  vigour  of  its  orga- 
nization renewed  by  receiving  nevsr  mat- 
ter from  the  aliment,  but  is  incapable  of 
any  further  ihcreafe  of  fize.  Increafed 
obefity  is  no  contradidlion  to  this  fa6l; 
becaufe,  when  carried  to  a  certain  extent, 
it  undoubtedly  conftitutes  difeafe. 

As  it  is  evident  that  the  operation  of 
ftimuli,  even  of  thofe  which  fupply  new- 
matter  to  the  body,  has  a  continual  ten- 
dency  to  exhauft  the  excitability,  we  muft. 
be  convinced,  that  it  is  to  the  continued 
a(5lioh,  through  the  progrefs  of  life,  of 
thofe  agents,  the  operation  of  which  is 
neceffary  to  the  produdion  and  conti- 
nuance of  that  life,  that  we  are  to  afcribe 
the  ftate  of  weaknefs  which  conftitutes 
old  age.    This  period  is  marked  by  a  de- 
bilitated  organization,  materially  different, 
however,  from  the  feeble  organization  of 
infancy ;   becaufe,   from   tRe  alteratioa 
which  the  animal  fibre  has  undergone,  it 
has  become,  in  a  confiderable  degree,'^in- 
capable  of  being  recruited,  or  reftored  to 
the  healthful  ftate,  by  the  addition  of  new- 
matter 
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matter  from  the  alimenfc;  '  In  vain  fhall 
w«-^ Endeavour  to '  account  for  this  new 
modification  which  has  taken  place  in  the 
organic  ftru(5lu re  of  the  body.  The  ana- 
tomift  may  point  out  fome  difference  in 
the  appearance  of  the  parts  in  old  age, 
and  the  .  former  periods  of  Hfe ;  and  the 
chemift  may  demonftrate  fome  variation 
in  the  proportion  of  the  conRituente  :  but 
their  moft  diligent  refearches  can  afford 
us  no  information  as  to  the  caufe  of  this 
alteration :  And  we  are  conftr'ained  to 
admit,  that  human  inveftigation  can  car- 
ry us  no  farther  than  the  bare  knowledge 
of  the  fadl,  that  in  the  more  advanced 
periods  of  life,  the  powers  of  the  fyftem, 
in  caiTying  on  the  animalizing  procefs,  are 
progrefTively  diminilhed,  till  at  length  the 
animal  fibre  becomes  abfolutely  incapable 
of  affimilating  or  receiving  new  matter,; 
and  life  neceflarily  ceafes. 

Old  age  is  alfo  obvioufly  marked  by 
diminiflied  excitability.  This,  in  moft 
inftances,  is  ftrikingly  exemplified,  by  a 
dirainiftied  fufceptibility  of  the  adion  of 
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.ftimuli  in  the  various  organs  of  fenfation. 
Light  no  longer  produces  its  former  ef- 
fed  upon  the  eye,  nor  found  upon  the 
ear.  The  tafte  and  fmell  decay,  and  the 
feeling  becomes  obfcure.  More  evident 
proofs  of  diminifhed  excitability  cannot 
be  fuppofed.  Yet,  in  'another  view,  an 
accumulation  of  this  principle  feems  to 
attend  pld  age.  The  opei'ation  of  the 
more  powerful  ftimuli,  as  alcohol  or  o- 
pium,  produces  a  greater  effedl  than  in 
the  middle  period  of  lifel  A  quantity  of 
alcohol,  which,  at  forty  years  of  age, 
would  fcarcely  have  caufcd  exhilaration, 
will,  in.  the  fame  perfon,  at  fixty  or  fe- 
venty  yearS  of  agp,  produce  intoxication. 
Hence  it  would  appear,  that  old  age,  ge- 
nerally fpcaking,  exhibits  figns  both  of  an 
exhaufted  and  an  accumulated  excitability. 
With  refpedl  to  the  former,  it  appears, 
that  the  organization  is  fo  far  deranged,  as 
to  be  lefs  fufceptible  of  tlie  'action  of  many 
of  the  external  agents,  as  hght,  found,  &c. 
With  regard  to  the  latter,  the  apparent 
accumu\ation  of  the  excitable  principle, 

we 
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•we  are  inclined  to  account  for  it,  from 
the  confideration  of  the  fadl  jufl  mention- 
ed, that  the  animal  fibre  daily  becomes 
more  and  more  incapable  of  receiving 
new  matter.  This  operates  precifely  in 
the  fame  way  as  the  abftra(5lion  of  the 
necefTary  ftimuli  in  the  former  periods  of 
life.  Hence  the  daily  increafed  debility, 
and  the  confequent  increafed  fufceptibility 
of  the  adlion  of  ftimuli. 

In  the  progrefs  of  human  life,  we  ob- 
lerve,  by  fliades  almoft  imperceptible,  the 
feeble  organization  of  infancy,  ^  rifing  to 
the  firm  and  vigorous  tone  of  manhood, 
and  again  finkipg  into' the  debility  of  old 
age.  Through  all  the  various  modifica- 
tions which  take  place  ,in  the  fibre,  we 
perceive  the  animal  body  more  fufceptible 
of  the  adlion  of  ftimuli,  in  proportion  to 
the  weaknefs'of  the  fibre,  and  lefs  fufcep- 
tible of  that  adlion,  in  proportion  to  its 
(Irength.  To  what  then  are  we  to  afcribe 
the  accumulation  or  exhauftion  of  excita- 
bility, but  to  the  various  modifications  of 
the  organization  ?  And  to  what  are  we  to 
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.afcribe  thefe  various  modifications,  (we 
fpeak  only  of  the  ft  ate  of  health),  iinlefs 
to  the  progrefUve  capacity  and  incapacity 
of  the  animal  fibre  for  receiving  an  accef- 
fion  of  new' matter  ? 

But  the  addition  of  new  matter  alone  is 
not  fufiicient  to  preferve  the  animal  fibre 
in  the  healthful  ftate  ;  reft  is  alfo  requi- 
red: and  nature  has  allotted  a  confider- 
abie  portion  of  our  time  to  this  purpofe. 
The  periods  of  watching  and  of  fleep  very ' 
clearly  exhibit  the  diminution  and  in- 
creafe  of  the  excitable  principle.  We  go 
on,  therefore,  to  confider  the  principle  of 
excitability,  or  the  modifications  which 
take  place  in  the  organization,  in  a  fecond 
point  of  view,  viz.  as  producing  the  alter- 
nation of  the  waking  and  fleeping  ftates. 

It  feems  clear,  that  through  the  courfe 
of  the  day,  or  during  the  continuance  of 
the  waking  ftate,  the  organization  be- 
comes debilitated  by  the  a6lion  of  the  or- 
dinary ftimuli,  as  heat,  light,  found,  air ; 
but  efpecially  mufcular  motion,  and  the 
pafiions  of  the  mind.    After  thefe  have 
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a6led  upon  the  body  for  a  certain' period, 
it  becomes  no  longer  fufceptible  of  the 
adlion  of  thefe  ftimuli.  An  inert  ftate 
fucceeds,  in  which  we  perceive  a  partial 
fufpenfion  of  the  animal  fundlions.  The 
ordinary  ftimuli,  during  this  period,  have 
little  or  no  efFecfl  upon  the  body,  at  leaft 
none  of  thofe  fun(5lions  are  exercifed 
which  depend  upon  the  will. 

That  the  excitable  principle  is  in  this 
cafe  exhaufted  by  the  continued  a(5lion  of 
the  ftimuli  feems  clear,  becaufe  the  fame 
effect'  may  be  produced,  and  with  ftill 
greater  celerity,  by  the  exceffive  acflion  of 
various  ftimulant  powers.  Thus  too  large 
a  proportion  of  aliment,  or  the  operation 
offbeat  in  a  certain  degree,  will  induce 
fleep.  Still  pQore  rapidly  is  this  effecft  pro- 
duced by  the  adlion  of  the  more  powerful 
artificial  agents,  as  opium,  alcohol,  &c. 
Since  then  fleep  is  rapidly  produced  by 
the  operation  of  powerful  ftimiUi,  we  may 
reafonably  infer,  firft,  that  this  ftate  ne- 
cefTarily  fucceeds  the  exhauftion  of  the  ex- 
citability to  a  certain  degree  ;  and,  fe- 
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tondly,  that  in  all  cafes  it  is  efFe(f^ed  by 
'the  adlion  of  ftiinuli.  The  fame  efFedl 
which  follows  the  operation  of  the  more 
powerful  flimuli  in  a  fhort  period,  is  in  a 
longer  time  produced  by  the  ordinary 
healthful  agents. 

We  cannot  however  afcribe  the  ftate  of 
fleep,  in  every  cafe,  to  a  limply  ftimulant 
adlion  in  the  powers  which  produce  it. 
By  the  labours  of  ,the  day,  a  confider- 
able  quantity  of  matter  is  fepa rated,  and 
thrown  out  of  the  body,  by  the  various 
excretions.  The  animal  fibre  is  weakened 
by  the  lofs  of  this  matter  :  and  hence  it 
is,  that  although  the  more  powerful  fti- 
mulants  will  produce  the  ftate  of  fleep, 
yet  the  fame  fubftances,  adminiftered  in 
a  proper  proportion,  will  preferve  the  wa- 
king ftate.  Thus  a  perfon  exhaufted  by 
labour  and  long  watching,  may  be  kept 
awake  for  a  further  time  by  a  moderate 
meal.  In  like  manner,  a  dofe  of  opium 
or  alcohol  will  protra(5l  the  waking  ftate. 
Now,  although  the  natural  aliment  does 
not  ftirnifti  new  matter  to  the  fyftem  at 
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the  inftant  it  is  received  into  the  ftomach, 
and  although  opium  and  alcohol  do  not 
Contribute  new  matter  to  the  body ;  yet 
the  whole  of  thefe  produce  a  temporary- 
vigour  .^nd-energy  in  the  fyftem,  which 
for  a  lliort  time  renders  it  fufceptible  of 
the  a(flion  of  the  natural  (limuli,  and 
hence,  the  waking  ftate  is  protraded. 

The  ftajte  of  lleep  may  then  be  produ- 
ced by  two  caufes  :  Firft,  The  organiza- 
tion is  debilitated  by  the  ftimulus  of  la- 
bour, and  the  other  agents,  during  which 
a  quantity  of  matter  is  feparated  from  the 
animal  fibre,  and  not  fulEciently  replaced. 
For  although  we  receive  aliment  repeat- 
edly during  the  day,  it  is  at  leafl  probable 
that  the  new  matter  is  not  depofited  du- 
ring tjiat  period  in  the  fame  proportion  in 
whiajh*  j^^sije^rri^d  o^ff.  Hence  the.brga- 
nizatiori  is  weakened,  producing  in,  faj^t 
that  ftate  which  has  been  termed  dired: 
debility.  But  we  believe  it' has  not'  hi- 
therto been  fufpeded,  that  the  powers  o- 
peratiiijg  tipon  the  body  through  the  day 
really  produce  that  ftate. 

Secondly, 
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Secondly,  The  fleeping  ftate  is  induced 
by  the  operation  of  the  niore  pawerful  fti- 
muli,  during  which  we  do  not  perceive" 
that  the  animal  fibre  is  exhaufted  by  the 
diminution  of  matter ;  but  the  organi- 
zation is  debilitated  by  the  exceffive  adlion 
of  the  ftimulus  producing  what  has  been 
termed  indire<5l  debilityi  In  both  cafes,  a 
debilitated  organization  appears  to  be  the 
caufe  of  ileep. 

We  have-  already  fuggefted,  that  there 
does  not  appear  to  be  fo  great  a  difference 
between .  direcSl  and  indirect  debility  as 
has  been  very  generally  fuppofed.  Direc!Sl 
debility  is  caufed  by^  the  abflra(5lion  of 
thofe  agents  which  are  neceilary  to  the 
continuance  of  life.  To  take  aliment  for 
our  example,  —  Debility  is  foon  induced 
by  the  total  abftradtion  gf  food.  The 
caufe  here  is  perfedlly  obvious :  .The  mat- 
ter of  the  animal  fibre  is  diminifhed  by 
the  ufual  excretions^  and  it  has  not  recei- 
ved a  new  fupply.  Hence  the  weakened, 
organization.  Indirect  debility  is  produ- 
ced by  the  exceihve  adion  of  llimuli. 

^  it 
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it  not  the  necelTary  effed  of  fhiinuli,  efpe- 
cially  the  more  powerful,  to  increafe  the 
lecretions  and  excretions  ?  May  we  not 
then  fuppofe,  that  the  more  powerful  fti- 
mulants  rapidly  diminiih  the  matter  of 
the  animal  fibre  by  accelerating  the  fecre- 
tions,  thus  producing  precifely  the  fame 
efFedl  with  the  abftradlion  of  aliment  ?  Is 
it  not  probable  that  the  weak  organiza- 
tion which  follows  the  abftradlion  of  ali- 
ment, and  the  exceflive  adlion  of  alcohol 
or  opium,  is  in  a  great  meafure  produ- 
ced by  the  diminution  of  the  matter  of 
the  animal  fibre  ?  We  are  aware,  how- 
ever, that  all  the  efPecfls  produced  by  the 
operation  of  ftrong  flimulants  cannot  be 
accounted  for  merely  on  the  fuppofition  of 
the  abftradlion  of  matter  from  the  body 
by  the  ordinary  excretions.  Nor  can  the 
efFedts  which  arife  from  the  total  abftrac- 
tion  of  feveral  of  the  natural  ftimuli  be 
accounted  for  on  this  j)rinciple.  The  ab- 
flra6tion  of  air,  for  example,  will  in  a 
very  fhort  period  produce  death ;  and  in 
this  cafe  no  confiderable  diminution  of 

the 
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the  conftituents  of  the  body  takes  place. 
Nor  is  there  any  fuch  diminution  when 
death  is  produced  by  a  large  dofe  of  al- 
cohol or  opium.  Jt.follows,  that  we  can- 
not account  for  the  adlion  of  all  ftimuli 
upon  the  fame  principles :  and  we  fhall 
have  occafion,  when  treating  on  the  dif- 
ferent agents,  to  fliow,  that  various  ftimuli 
differ  not  only  in  the  degree  of  their 
power,  but  alfo  in  their  nature  and  mode 
of  operation.  We  are  however  difpofed 
to  think,  that  a  debilitated  organization, 
whether  caufed  by  the  abftraclion  or  the 
too  powerful  adlion  of  ftimuli,  i.  e.  both 
diredl  and  indiredl  debility,  arifes,  gene- 
rally fpeaking,  from  too  great  a  diminu- 
tion of  the  animal  matter. 

Whatever  may  be  in  the  preceding  ob^ 
fervations,  it  is  plain  that  the  ftate  of  deep, 
in  every  inftance,  takes  place  in  confe- 
quence  of  an  enfeebled  organization.  Up- 
on this  principle,  we  can  explain  the  caufe 
why  fleep  is  induced  by  the  abftradlion  of 
heat.  A  perfon  fubjedted  to  a  very  low 
temperature,  efpecially  if  not  ftimulated 

by 


104       CAUSES  AND  PHENOMEMA 

by  adlion,  quickly  becomes  drowfy.  The 
abftradion  of  the  necefTary  ftimulus  of 
heat  debihtatss  the  fibre. 

Debihty  then  produces  that  partial  fuf- 
penfion  of  the  animal  functions  which 
we  term  fleep.  In  this  (late,  the  body  is 
fubjedled  only  to  the  flimulus  of  the  blood, 
^the  other  fluids, — the  air  in  refpiration, 
— and  external  heat,  according  to  the  de- 
gree of  temperature  in  which  the  body  is 
placed.  In  proportion  to  the  debility  in- 
duced, or  previous  exhauftion  of  the  exci- 
tability, provided  the  organization  is  not 
too  much  weakened,  will  be  the  found- 
nefs  and  continuance  of  the  fleep.  After 
continuing  in  this  ftate  for  a  certain  pe- 
riod, the  fufceptibility  of  impreflions  from 
the  ufual  fliimuli  is  reftored  to  the  body. 
This  reprodu(5lion  of  the  excitability,  ap-  • 
pears  to  be  caufed  by  the  abftradlion  of 
the  ufual  fl;imuli  which  had  adled  upon 
the  body  during  the  waking  ftate,  toge- 
ther with  the  addition  of  new  matter  to  . 
the  fibre,  by  the  animalizing  procefs  which 
is  carried  on  during  fleep,  in  the  circula- 
ting^ 
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ting  fluid?.  Hence,  new  energy  is  com- 
municated to  the  fyfleni,  the  tone  of  the 
fibre  is  reftbred,  and  it  is  rendered  ca- 
pable of  being  excited  by  the  natural  {ii- 
muli.  It  requires  no  arguments  to  prove 
that  the  vigour  of  the  fyftem  is  reftored 
by  deep:  and  it  is  plain  that  the  allien  of 
ftimuli,  during  the  day,  renders  the  body 
lefs  capable  of  excitement  in  the  evening, 
than  it  was  in  the  morning.  It  follows 
then,  that  a  particular  modification  of  the 
organization  being  induced,  and  which 
appears  to  be  a  certain  degree  of  debility, 
the  excitability  of  the  fyfhem  is  confide- 
rably  diminiflied.  But  it  muft  be  here 
remarked,  that  a  further  degrce  of  weak- 
nefs  than  that  which  is  necefiTary  to  in- 
duce fleep,  is  accorppanied  with  an  accu- 
mulated excitability,  fo  that  the  body  be- 
comes much  more  fufceptible  of  the  ^.(ftion 
of  flimuli,  and  the  waking  .ftate  is  pro- 
tradled  fo  as  to  conftitute  difeafe.  Thus, 
a  debilitated  organization,  in-  moft  inflan- 
ces,  is  attended  with  watchfulnefs  of  dif- 
tiirbed  fleep.     Now,  '  when  the  waking  ' 
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ftate  is  unduly  prbtraded,  or  the  flccp 
broken  and  difturbed,  it  feems  clear,  ei- 
ther that  the  excitability  is  confiderably 
accumulated,  or  that  the  fyftem  is  fub- 
je(5led  to  the  operation  of  powerful  ftimuli. 
In  every  inftance,  perhaps,  of  this  kind, 
where  the  waking  ftate  is  not  continued 
by  the  adlion  of  ftimuli,  the  caufe  is  fuf- 
ficiently  obvious,  a  debilitated  organiza- 
tion, which  confequently  indicates  an  ac- 
cumulated excitability. 

Befide  the  more  powerful  ftimuli  alrea- 
dy mentioned,  the  fleeping  ftate  may  be 
prevented,  and  a  morbid  watchfulnefs  in- 
duced, by  excefTive  fatigue  or  the  deprefBng 
palTions.  In  the  firft  cafe,  a  high  degree 
of  debility  is  induced  by  exceftive  fatigue, 
which,  whatever  it  may  be  called,  pro- 
duces exa(5lly  the  fame  effedl  as  accumula- 
ted excitability  arifing  from  any  other 
caufe.  The  waking  ftate  is  protraded, 
although  no  powerful  ftimuli  are  adling 
on  the  body,  and  fleep  may  even  be  in- 
duced, by  employing  fomc  of  the  more 
powerful  ftimulants  j  the  effedl  of  \vhich, 

muft 
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^muft:  furely  be,  to  exhauft  the  excitability. 
Here  then  is  a  cafe  in  which  we  fhould 
have  expeded  an  exhaufted  excitability. 
The  continued  adion  of  the  powerful  a- 
gents,  which  produced  exceffive  fatigue, 
as  mufcular  motion,  mental  energy,  &c. 
we  ftiould  naturally  have  fuppofed,  would 
have  wafted  the  excitable  principle,  and 
have  brought  on  rapidly  the  ftate  of  fleep. 
Such,  indeed, ,  is  their  effedl,  when  adling 
in  moderate  proportion, — i.  e.  when  adling 
in  a  certain  proportion  to  the  vigour  of 
the  animal  organization.  But  when  thefe 
powers  adl  in  a  high  degree,  we  find  that 
they  induce  a  modification  of  the  animal 
fibre,  which  differs  not  in  the  leaft  from 
that  which  is  produced  by  the  abftradtion 
of  ftimuli,  viz.  a  weakened  ftate  of  the 
organization,  with  all  the  phenomena  of 
accumulated  excitability.  It  muft,  how- 
ever, be  remarked,  that  in  fome  inftances 
in -which  the  v/aking  ftate  feems  to  be  pro- 
tradled  by  exceffive  fatigue,  the  operating 
caufe  is  pain,  arifing  from  the  violent  or 
long-continued  mufcular  adion :  And  it 

O  2  may 
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may  be  admitted,  that  ia  tliefe  cafe*,  flcep 
is  prevented  by  tiie  operatiou  of  a  power- 
ful ftimul  us. 

The  fecond  -caufe  which  we  have  men- 
tioned of  morbid  watr.hfuhiefs,  is  che  de- 
prefTmg  paiTions,  as  fear,  forrow,  grief. 
The  uniform  efFe(5l  of  thefe  powers  upon 
the  body,  is  to  debihtate  the  organization. 
In  no  cafe  do  they  produce  energy  in  the 
fyflem  ;  and  we  fhould~therefore  be  incli- 
ned to  conhder  them  as  direct  fedatives. 
We  defer,  however,  the  cqnfideration  of 
their  nature,  till  they  come  more  particu- 
larly before  us.  But  the  eflfecl  of  their  o- 
peratioai  is  perfedilly  obvious.  The  ani- 
mal fibre  is  enfeebled,  and  an  accuniula- 
ted  excitability  always  attends  their  opera- 
tion. The  caufe,  then,  of  morbid  watch- 
fulnefs  in  both  the  cafes  we  have  mention- 
ed, is  a  debilitated  organization,  by  which 
the  body  is  rendered  more  fufceptible  of 
the  action  of  the  various ~agents,  than  in 
the  perfedly  healthful  ftate.  And  to  the 
fame  caufe,  we-  mud  afcribe  the  watch- 

fulnefs 
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fulnefs  \yhich  attends  many  cafes  of  dil^ 
cafe. 

The  partial  interruption  of  reft  which 
we  experience  in  dreaming,  appears  to  a- 
rife  from  a  greater  or  lefTer  degree  of  debi- 
lity in  the  organization.  It  is  a  fadl  uni- 
verfally  known,  that  perfons  under  a  great 
debiUty,  are  much  more  hable  to  dream, 
than  thofe  of  "vigorous  conftitutions.  In- 
deed, the  fleep  of  the  former  is  generally 
a  conftant  fucceflion  of  dreams.  Thus,  we 
obferve,  females,  generally  fpeaking,  ,are 
more  fubjed:  to  dream  than  n^ales.  In  eve- 
ry inftance,  thofe  perfons  who  are  much  ac- 
cuftomed  to  dream,  exhibit  a  debilitated  or- 
ganization, and  a  confeqnent  increafed  fuf- 
ceptibility  of  the  aclion  of  ftimuli.  In  this 
weakened  ftate,  the  mental  energy  alone 
is  commonly  a  fufficient  ftimulus  to  pro- 
duce dreaming,  and  the  efFedl  is  propor- 
tionally increafed,  by  the  operation  of  the 
ftronger  paiTions  of  the  mind.  Material 
flimuli,  as  an  overloaded  or  difordered 
ftomach,  will  produge  the  fame  effedl,  not 

only 
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only  in  debilitated  habits,  but  proportion- 
ally in  the  more  vigorous. 

Somnambulancy  appears  to  arife  from 
the  fame  caufe,  but  operating  to  a  greater 
extent  than  in  ordinary  dreams.  In  this 
difeafe,  we  perceive  accumulated  excitabi- 
lity ftrongly  marked.  And  to  vv^hat  caufe 
can  we  affign  the  excefs  of  this  principle, 
unlefsto  the  enfeebled  organization,  which 
is  conftantly  prefent. 

Upon  the  whole,  it  appears  that  the 
vigour  of  the  body  is  diminifhed  during 
the  courfe  of  the  day  by  the  operation  of 
the  ufual  agents ;  and  if  the  debility  in- 
duced is  carried  only  to  a  certain  extent, 
its  fufceptibility  of  the  a(5lion  of  thefe  a- 
gents  is  alfo  diminiflied.  In  this  cafe 
found  or  healthful  fleep  fucceeds :  And 
after  a  certain  period,  the  body,  recruited 
by  reft,  as  well  as  the  addition  of  new  mat- 
ter, reaffumes  its  former  vigour,  and  be- 
comes again  fufceptible  of  the  adiipn  of 
the  ufual  flimuli.  But  if  the  degree  of 
debility  induced  is  confiderable,  whether 
caufed  by  labour  or  difeafe,  we  find  that 

the 


the  boijy  retain's  its  fufceptibility  of  the 
ad^ion  of  ftimuli,  and  indeed  exhibits  all 
'the  phenomena  of  accumulated  excitabi- 
lity.  Thefe  cafes  of  increafed  debility,  by 
which  the  watchful  ftate  is  protradled, 
have  been  confidered  as  inftances  of  ex- 
haufted  excitability,  or  indiredl  debility. 
We  have  feen,  that  they  are  in  fad:  at- 
tended with  what  is  ufually  termed  accu- 
mulated excitability  :  But,  as  we  have 
already  faid,  there  appears  to  be  no  real 
difference  in  thofe  ftates  of  the  organi- 
zation w^hich  have  been  diftinguifhed  by 
the  terms  diredl  and  indiredl  debility. 

Various  degrees,  however,  of  excitabi- 
lity, or  that  fufceptibility  which  the  ani- 
mal body  pofTeffes  of  being  excited  to  ac- 
tion by  ftimuli,  appear  not  only  in  the 
different  periods  of  human  life,  and  in  the 
alternation  of  the  waking  and  fleeping 
ftates,  they  are  alfo  obfervable  in  an  in- 
dividual at  any  given  period  of  life,  or 
in  two  perfons  at  the  fame  period.  But 
in  every  inftance  thefe  variations  will  be 
found  to  arife  from  fome  change  taking 
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place  in  the  animal  organization,  by 
which,  in  a  greater  or  lefler  degree,  it-has 
been  debilitated,  or  received  an  acceffion 
of  ftrength.  We  fhall  endeavour  to  illuf- 
trate  the  fubjedl  in  this  third  point  of  view. 

Let  us  here  take  for  our  example  a  per- 
fon  arrived  at  the  age  of  manhood,  and  pof- 
fefling  a  vigorous  conftitutlon;  the  various 
natural  or  healthful  agents  a(5ling  upon  him, 
and  employed  in  a  due  or  moderate  propor- 
tion :  in  this  cafe  we  obferve  all  the  ani- 
mal fun<5lions  duly  performed,  and  the 
vigour  of  the  body  carried  to  its  utmoft 
height.  This  is  the  highefl  ftate  of  excite- 
ment of  which  the  fyftem  is  capable  ;  or, 
in  other  words,  the  organization  is  now 
in  its  moft  perfedl  ftate.  We  may  next 
confider  what  will  be  the  ejffedls  of  ab- 
flra6ling,  or  employing  in  too  great  pro- 
portion, the  natural  ftimuli* 

If  the  natural  ftimuli  are  abftradled  in 
jtny  degree,  a  proportional  degree  of 
weaknefs  will  be  produced  in  the  fyftem. 
This  is  perfecftly  obvious,  if  the  natural 
ftim^ili  of  heat  or  aliment  are  withdrawn 

ia 
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in  any  confiderable  proportion.    The  or- 
'ganization  is  evidently  debilitated  : — The 
powers  of  life  or  excitement  are  diminifhed; 
and,  it  would  feem,  the  excitability  is 
augmented  in  an  equal  ratio.    That  the 
powers  of  life  are  diminiflied,  will  not  be 
difputed :  And  the  feeming  proportional 
increafe  of  the  excitability,  appears  to  be 
proved  by  a  great  number  of  fadls.    If  a 
perfon  has  fafted  long,  a  fm  all  proportion 
of  any  of  the  natural  ftimuli  will  produce 
a  much  greater  effe€i  upon  the  fyftem, 
than  a  larger  quantity  would  have  done  if 
the  body  had  not  been  debilitated  by  the 
abftradlion  of  the  ufual  ftimuli.    The  fti- 
mulus  then,  in  this  cafe,  feems  to  have  a 
much  greater  efFedl  than  it  would  have 
had  if  limilar  agents  had  been  regularly 
applied  to  the  body.    Again,  when  the 
abftra(5lion  of  the  ufual  ftimuli  has  been 
carried  tp  a  very  confiderable  extent,  as 
when  a  perfon  is  nearly  famiflied,  a  very 
fmall  proportion  of  a  mild  fubftance,  as 
a  few  fpoonfuls  of  broth,  if  haftily  fwal- 
lowed,  will  produce  the  fame  efteCis  as  a 
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flrong  flimulant,  fuch  as  alcohol,  would 
have  done  if  the  organization  had  not  been 
thus  debilitated.  The  mild  ftimulus  will 
in  this  cafe  produce  the  ufual  exhilarating 
effedls  of  fpirituous  liquors  ;  and  inftances 
have  even  been  known,  in  which  a  fmall 
quantity  of  troth  has  produced  death,  in 
the  fame  manner  as  a  large  quantity  of  al- 
cohol would  have  done  in  a  fyftem  not  de- 
bilitated by  the  abftradlion  of  the  ufual 
flimuli.  Thefe  effects  fufficiently  fhow, 
that  in  that  ftate  of  weaknefs  which  is  in- 
duced by  the  abftra(5lion  of  the  neceflary 
agents,  the  organization  is  more  eafily  ex- 
cited to  a6lion  than  in  the  healthful  flate ; 
and  hence  it  has  been  fuppofed  that  the 
excitability  is  accuiriulated.  It  is,  how- 
ever, perfedlly  clear,  that  the  abftraclion 
of  one  or  more' of  the  necelTary  or  ufual 
Itimuli,  will  produce  a  derangement  of 
the  organization,  which  is  uniformly 
marked  by  debility.  But  the  derange- 
ment to  which  the  organization- is  liable, 
may  be  varied  in  feveral  ways,  according 
to  the  nature  and  ufe  of  the  flimulusi 
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and  the  proportion  in  which  it  is  abftradl- 
ed,  fo  as  to  produce,s  no  doubt,  feveral 
very  different  modifications  of  the  animal 
fibre.    The  effects  produced  on  the  body 
by  the  abftradlion  of  different  flimuli,  we 
fliall  flate  more  particularly  when  treating 
upon  the  agents  :  at  prefent  it  is  fufEcient 
to  obferve,  that  by  the  abftradlion  of  ali- 
ment, the  organization  is  debilitated,  be- 
•   caufe  the  animal  fibre  has  not  received 
that  acceflion  of  new  matter  which  is  ne- 
ceiTary  to  preferve  it  in  the  healthful 
flate.    By  the  abftradlion  of  heat,  i.  e. 
when  the  body.is  placed  in  a  low  tempera- 
ture, as  at  32®  or  under,  the  animal  heat 
is  carried  off  in  a  greater  proportion  than 
that  in  which  it  is  produced  in  the  body ; 
and  the  animal  fibre,  deprived  of  the  ne-' 
ceffary  quantity  of  this  flimulus,  appears 
to  be  incapable  of  performing  its  ufual 
fundlions.     Upon  fimilar  principles,  we 
rfiay  explain  the  caufe  of  the  derangement 
of  the  organization  from  the  abftradiori  of 
feveral  other  of  the  healthful  agents.  But 
it  muft  be  confeffed,  that  the  mode  in 
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which  fomc  of  thefe  agents  operate,  and  by 
which  they  aflift  in  preferving  the  body 
in  the  healthful  ftate,  have  hitherto  e- 
luded  the  refearches  of  all  phyfiologifls. 
The  fa6l  however  is  plain,  that  the  ab- 
ftradlion  in  any  degree  of  all  or  any  of 
thofe  powers  which  are  necelTary  to  the 
produ(5\ion  and  continuance  of  the  phe- 
nomena of  life,  induces  a  debilitated  orga- 
hization  ';  and  the  body  thus  weakened, 
appears  to  become  more  fufceptible  of 
the  acflion  of  thefe  or  other  agents. 

Upon  the  other  hand,  the  organization 
of  the  fame  perfon,  or  of  another  of  an 
equally  vigorous  conftitution,  may  as 
eafily  be  deranged  by  the  fame  agents 
ailing  in  too  high  a  degree.  Thus,  too 
large  a  quantity  of  aliment  will,  in  a  cer- 
tain period,  produce  debility.  The  fame 
efFedl  more  rapidly  follows  too  free  a  ufe 
of  the  artificial  ftimulants,  as  alcohol,  or 
any  fubftance  containing  it.  And  if  the 
total  abftra(5lion  of  the  healthful  agent* 
will  quickly  annihilate  the  excitement,  or 
deftroy  life  ;  fo  alfo  the  fame  agants,  ope- 
rating 
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rating  in  an  extreme  degree,  and  more 
efpecially  the  artificial  ftimuli,  will  quick- 
ly fo  much  derange  the  organization,  that 
the  animal  fundions  can  no  longer  be 
carried  on. 

There  is,  however,  a  material  difFerence 
in  the  firft  efiFcdls  produced  on  the  body  in 
thefe  two  cafes,  although  they  both  ter- 
minate by  producing  a  debilitated  organi- 
zation, which  feem  in  no  refpedl  to  differ. 
A  fmall  abftradlion  of  the  natural  agents 
produces  a  flow,  and,  perhaps,  for  fome 
time,  an  almoft  imperceptible  wafle  of 
the  fyflem ;  and  the  animal  fibre  is  gra- 
dually debilitated.  A  fmall  increafe  be- 
yond the  due  proportion  of  the  healthful 
agents,  or  a  moderate  ufe  of  the  artificial 
flimuli,  caufes,  for  a  fhort  period,  an  in- 
creafed  vigour  of  body,  and,  in  mofl  in- 
Uances,  an  increafed  accefTion  of  matter 
to  the  fyflem.  But  if  the  practice  is  con- 
tinued, and  more  efpecially  if  the  excefs 
of  ftimulus  is  encreafed,  a  debilitated  or- 
ganization infallibly  enfues.  In  the  final 
efFeds  arifing  from  thefe  two  oppofite 
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caufes,  we  perceive  no  difference.  By 
the  firft,  debility  may  flowly  commence, 
and  gradually  increafe,  in  proportion  to 
the  degree  in  which  the  neceffary  agents 
are  abitradled,  till,  if  not  prevented  by 
the  proper  remedies,  the  organization  is 
totally  deranged,  and  death  follows:  and 
during  the  progrefs  of  this  debilitated 
fiate,  from  the  increafed  weaknefs,  the 
body  becomes  daily  more  fufceptible  of 
the  acSlion  of  ftimuli.  By  the  fecond,  a 
degree  of  vigour  in  the  organization  is 
certainly,  in  the  firft  inftance,  produced: 
but  by  the  continued  adlion  of  too  power- 
ful ftimuli,  the  organization  becomes  de- 
ranged, debility  enfues,  and  the  fyftem, 
as  in  the  former  cafe,  becomes  daily  more 
fufceptible  of  the  adlion  of  ftimuli.  The 
ftates  of  direct  and  indiret^l  debility,  as 
they  have  been  called,  when  the  latter  is 
fully  eftabhflied,  appear  not  to  differ  in 

'  their  nature.    And  hence  it  feems  a  fair 
conclufion,  that  the  method  of  cure,  itk 

_  both  cafes,  ought  to  be  the  fame. 

That  the  debility  induced  by  the  a<flion 

of 
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"of  too  powerful  ftimiili,  differs  not  from 
that  wliicli  follows  the  abftradlion  of  the 
necefTary  agents,  may  be  further  proved, 
by  tke  .well-known  effedls  of  th€>.  Eaoiie 
powerful  artificial  iftlmuli.  We  have  al*- 
ready  hinted  at  this,  and  may  here  farther 
obferve,  that  we  perceive  no  accumula- 
tion of  the  excitability  when  a  perfon  is 
indulging  in  ftrong  liquors  even  to  intoxir 
cation.  -But  no  fooner  has  the  operatioa 
of  the  flimulant  ceafed,  than  we  perceive 
a  debilitated  organization,  in  proportion  i 
to  the  excefs  in  which  the  ftimulus  has 
been  employed and  this  (Jebility  is  uni- 
formly accompanied .  with  a  higher  fuC- 
ceptibility  of  the  adlion  of  ilimuli.  It 
does  not,  therefore,  feem  true,  in  fadl^ 
that  the  debility  which  follows  the  excef- 
five  ufe  of  ftimulants  arifes  from  an  ex- 
hauftion  of  the  excitability  :  It  is  true^ 
that  an  extreme  dofe  of  alcohol  or  other 
ftimulants  will  at  once  deftroy  the  excita- 
bility and  excitement ;  but  the  fame  efFedl 
will  follow  from  the  total  abftradlion  of 
the  healthful  agents.    In  almoft  all  cafes 

the 
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the  debility  induced  by  the  excefhye  ac- 
tion of  jftimuH,  is  certainly  accompanied 
with  a  greater  fufceptibility  of  the  a<5lion 
even  of  the  ftimulant  which  has  produced 
the  debility.    It  mufl,  however,  be  ad- 
mitted, that  opium  furniflies  a  contrary 
example  :  for  as  far,  we  believe,  as  obfer- 
vation  has  hitherto  gone,  it  appears,  that 
in  the  continued  ufe  of  this  drug,  an  in- 
creafed  dofc  will  always  be  necefTary  to 
produce  the  ufual  degree  of  excitement. 
Yet  even  in  this  cafe  it  is  certain,  that  a 
conftitution  debilitated  by  the  ufe  of  o- 
pium,  acquires  an  increafed  fufceptibility 
to  the  acflion  of  other  ftrong  ftimuli :  And 
the  only  conclufion  that  we  can  rationally 
draw  from  the  fadl,  that  the  dofe  of  o- 
pium  muft  be  perpetually  increafed,  is, 
that  various  ftimuli  differ,  not  only  in 
their  degree,  but  alfo  in.  their  mode  of 
peration. 

We  may  now  conclude  this  view  of 
the  principle  of  excitability  with  the  fol- 
lowing obfervations,  which  feem  clearly 
to  refult  from  the  fada  already  ftated. 

Firft, 
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■  Firft,  The  efFeds  of  ftimuli  upon  the 
'animal  body,  are,  generally  fpealcing,  in 
proportion. to  the  vigour  of  the  organiza- 
tion. Hence,  in  the  middle  period  of  life, 
the  animal  fibre  can  fuflain  the  adion  of 
thofe  ftimuli  which  in  childhood  or  old 
age  would  produce  death. 

Secondly,  As  the  natural  effedl  of  all 
ftimuli,  and  even  of  the  mildeft  healthful 
agents,  is  ultimately  to  derange  and  de- 
bilitate the  organization,  it  feems  obvi- 
ous that  fuch  debility  cannot  be  removed, 
but  muft  be  increafed,  by  a  free  ufe  of 
powerful  ftimulants.  The  natural  me- 
thod of  removing  debility,  in  every  cafe, 
furely,  is  by  employing  in  due  pro- 
portion the  necelTary  healthful  agents, 
particularly  aliment.  The  judgement  of 
the  praditioner  fhould  be  chiefly  employ- 
ed in  the  choice  of  the  moft  nutritious 
and  eafily  digefted  fubftances.  The  ufe 
of  ftrong  ftimulants,  in  a  very  moderate 
degree,  is,  no  doubt,  admifTible  ;  but 
their  only  ufe  can  be,  to  excite  the  adlion 
•f  the  ftomach  and  inteftines,  and  to  give 
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a  temporary  vigour  to  the  fyftem,  which 
is  favourable  to  the  digcftive  proccfs. 
The  opinion  which  has  been  held  out, 
that  the  accumulated  excitability, ,  fuppo- 
fed  to  .exiil  in  cafes  of  direct  debility,  mud 
be  removed  or  wafted  by  the  ufe  of  power- 
ful ftimulants,  has  led  to  an  extremely 
dangerous  pra6lice.  Can  it  be  reafon- 
ably  fuppofed,  that  the  extreme  debility, 
which  in  many  cafes  is  almoft  inftan- 
taneoufly  produced  by  the  contagion  of 
typhus,  is  to  be  removed  by  fuch  a  quan- 
tity of  ftrong  fbimulating  liquors,  opium, 
&c.  as  would  exhauft  and  debilitate  the 
moft  vigorous  ^  conftitution  in  the  higheft 
ftate  of  health  ? 

Thirdly,  If  an  exceffive  ufe  of'  power- 
ful ftimuli  exhaufts  the  excitability,  it 
would  naturally  follow,  that  in  the  cure 
of  indiredl  debility  all  ftimali  fliould  be 
withdrawn,  except  thofc  of  the  loweft 
degree,  that  the  diminiflied  excitability 
may  again  accumulate.  ^Yet  even  here, 
the  higheft  ftimulus  has  in  the  firft  in- 
ftance  been  propofed,  with  the  view,  in- 
deed. 
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deed,  of  gradually  diminifliing  it.  The 
total  abftraclion  of  ftrong  ftimuli  may 
perhaps  be  improper:  But  certainly .  the 
ufe  of  that  power,  in  the  fame,  or  nearly 
the  fame  degree  by  which  the  difeafe  was 
produced,  can  only  augment  iht  difeafe. 

Fourthly,  It  has  been  vel'y  generally  ,  ^ 
fuppofed,  that  the  animal  body  is  not  , 
only  fubjetl  to  difeafes  of  debility,  but 
alfo  to  difeafes  of* over  much  ftrength,  or 
the  fthenic  diathefis,  as  it  has  been  term* 
ed  ;  and  this  ftate  is  faid  to  be  produced 
by  the  ufe  of  various  ftimuli  in  too  great 
a  proportion.    But  as  it  is  indifputable, 
that  all  ftimuli  exhauft  and  debilitate  the 
organization,  is  it  not  to  be  fufpe6led  that 
this  di'athefis  Kag  no  exiftence  in  nature  ? 
For  if  debility  immediately  fucceeds  the 
ppera.tion  of  a  powerful  ftimulus,  how 
can  the  fthenic  diathefis  be  fuppofed  to 
exift  after  the  ftimulus  has  ceafed  to  a€l  ? 
Befides,  it  feems  a  little  iilcongruous  in 
language  to  call  the  higheft  ftate  of  health 
a  difeafe.    Perhaps  it  would  not  be  diflB- 
cult  to  explain  the  nature  of  thofe  difeafes 

0^2  which 
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which  have  been  ranked  in  this  clafs  upon 
very  diflPerent  principles,  and  to  prove  that 
they  are  the  effe6l  of  a  debiUtaced  organi- 
zation. But  wc  leave  the  confideration 
of  this  point  at  prefent,  and  only  fugged, 
that  at  leaft  it  deferves  fome  attention. 

The  modifications  to  which  the  animal 
organization  is  liable,  and  by  which  the 
excitability  of  the  body  appears  to  be  in- 
creafed  or  diminiflied,  and  the  powers  of 
life  or  excitement  rendered  more  or  lefs 
vigorous  or  languid,  are  extremely  vari- 
ous, nor  is  it  perhaps  pollible  to  reduce 
them  to  general  principles.  Thefe  effedts 
evidently  follow  the  action  or  abftradlion 
of  the  different  agents  we  have  already 
mentioned  j  and.  to  a  brief  confideration 
'of  which  we  now  proceed,  in  the  order 
formerly  flateci.  In  treating  of  thefe 
agents,  we  fhall  have  occafion  to  fhow, 
that  although  the  greater  part  of  them 
undoubtedly  poffefs  a  flimulant-  power, 
yet  many,  and  perhaps  all,  operate  alfo 
upon  different  principles,  by  which  va- 
rious 
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rlous  alterations  are  produced  in  the  ani- 
mal fibre. 

^  We  begin  v^.th  the  confideration'  of 
heat :  and  at  prefent  we  confine  ourfelves 
to  external  heat,  or  the  efFedls  produced 
upon  the  body  by  the  temperature  in 
which  it  is  placed. 

It  is  unneceffary  -here  to  point  out  the 
nature  or  fources  of  heat :  nor  fliall  we 
enter  into  any  difcuffion  of  the  queftion. 
Whether  heat  is  a  fpecies  of  matter  really 
exifting,  or  whether  it  is  merely  a  modi- 
fication of  matter  ?  There  are  fiifficient 
reafons  to  induce  us  to  afTume  the  former 
opinion.  From  a  variety  of  fa^ls  we  can 
fcarcely  avoid  concluding,  that  there  ex- 
ifts  in  nature  a  fpecies -of  matter  foi  gene- 
risy  and  which  appears  to  be  a  fubtile  e- 
laftic  fluid,  to  the  operation  and  various 
modifications  of  which  we  muft  afcribe  all 
the  phenomena  of  heat.  This  fluid  has 
received  the  diftindlive  name  of  caloric 
from  the  modern  chemifls. 

That  the  operation  of  the  caloric  is  ef^ 
fential  to  the  produdion  and  continuance 

of 
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of  life  in  all  organized  bodies,  is  too  obvi- 
ous to  require  particular  proof.  With 
refpedl  to  the  human  ract*,  the  range  of 
temperature ,  favourable  to  health  is  pro- 
bably between  the  3 2d  and  80th  degrees 
of  the  fcale  of  Fahrenheit ;  and,  generally 
i^eaking,  the  middle  point  between  thefe 
is  the  moil  favourable  to  health.  But  in 
proportion  as  the  temperature  recedes,  i.  e. 
•  if  it  links  below  32'-*,  or  rifes  above  80°, 
it  becomes  injurious  to  health,  and  de- 
ftrudlive  to  life.  But  by  feveral  wife  pro- 
vifions  in  the  oeconomy  of  nature,  and  e- 
fpecially  from  habit,  iadividuals  are  en- 
abled to  bear  conliderable  variations  of 
temperature,-  without  much  injury. 

As.  the  temperature  induced  in  the,  ani- 
mal body,  by  the  evolution  of  the  caloric 
in  the  refpiratory  procefs,  is  in  the  health- 
ful flate  from  96^  to  100° ;  And  as  the  me- 
dium which  we  inhabit  is  almoll  always 
below,  and  generally  very  much  below 
that  temperature ;  it  is  plain  that  we  do 
not  receive  heat  from  the  furrounding  at- 
inofphere,  nor  from  any  other  fubftance, 

unlcfs 
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unlefs  it  is  of  a  higher  temperature  than 
Ocir  bodies  :  And  as,  to  preferve  the  health- 
'ful  ftate,  it  is  not  neccffary  that  the  tempe- 
rature of  the  medium  in  which  the  body- 
is  placed  fliould  be  above  60°,  it  is  plain 
that  the  animal  body  requires  no  addition- 
al fupply  of  the  caloric  from  external  fvil>- 
ftances.  Hence  it  follows,  that  the  bene- 
ficial or  injurious  efTedts  derived  from  the 
ternperature  of  the  atmofpherc,  arife  from 
the  furrounding  fubftances  abftradling  in 
too  great  or  too  low  a  degree  the  caloric 
from  the  fyftem. 

The  operation  of  fuch  external  heat  upon 
the  body  is  therefore  only  negative.  But  the 
vifible  efFedls  which  variations  of  tempera- 
ture produce  upon  '  all  organized  fubftan- 
ces, compel  us  to  include  external  heat  in 
the  lift  of  agents  which,  a6t  upon  the 
body.  Thefe  effedts  are  obvioufly  ftimu- 
lating.  Numberlefs  fadls  fupport  this  po- 
fition.  The  diminiflied  temperature  at  the 
clofe  of  autumn,  and  during  winter,  feems 
to  extinguifli  life  i"h  almoft  all  the  vege- 
table kingdom.  The  cheering  r^ys  of  the 
fun  in  the  returning  fpring  re-excite  the 

action 


128       CAUSES  AND  PHENOMENA 


adion  of  the  vegetable  fibre ;  the  fap  ri- 
fes,  and  new  parts  are  evolved.  Some- 
thing fimilar  to  this  is  obferved  alfo  in 
thofe  animals  which  remain  in  a  torpid 
ftate  during  winter,  and  which  revive  with 
the  increafed  temperature  of  fpring  :  And 
the  experience  of  each  individual  of  the 
human  race,  will  fuffi<:iently  teftify  the  ge- 
nial influence  of  heat  in  promoting  aclion 
in  the  organization  of  the  body.    The  ex- 
periments of  Spalanzani  fhow  that  the  ac- 
tion of  the  caloric  is  not  only  necelTary  to 
the  produdlion  of  life,  but  that  the  hatching 
procefs  may  be  accelerated  by  an  increafe 
of  temperature  within  a  certain  degree. 
Thus  the  evolution  of  the  tadpole  from 
the  ovum  of  the  frog  is  haftened  by  an  in- 
creafe of  temperature.  In  like  manner,  the 
produ(5lion  of'  life  in  the  chick  in  ovo  is 
accelerated  by  placing  the  eggs  in  a  tem- 
perature fomewhat  higher  than  that  com- 
municated by  the  parent  animal. 

Such  however  is  the,  ftrudlure  of  the  a- 
'nimal  organization,  that  to  preferve  the 
vigorous  and  healthful'  ftate,  the  caloric 

muft 
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mufl  be  applied  to  it  only  in  a  certain  pro- 
portion. There  is,  as  we  have  already  faid, 
a  range  of  temperature  favourable  to  life  • 
and  the  middle  point  of  this  range,  i.  e. 
from  55°  to  60**,  feems  mod  conducive  to 
the  vigour  of  the  fyflem.  The  extremes 
of  climate  in  the  habitable  world  are  e- 
qu ally  unfavourable  to  the  perfe(5lion  of 
the  animal,  and  to  the  healthy  ftate.  At 
the  medium  temperature  which  we  have 
mentioned,  the  furplus  of  that  heat,  which 
is  perpetually  evolving  in  the  refpiratory 
jprocefs,  is  duly  carried  off;  and  there 
feems  to  be  at  this  point  a  happy  propor- 
tion eflablifhed  between  the  adlion  of  the 
caloric  and  the  animal  fibre.  But  in  pro- 
portion as  the  degree  of  temperature  re-* 
cedes  from  this  point,  we  have  reafon  to 
infer  that  it  becomes^  injurious  j  becaufe 
debility  is  induced  by  the  extremes  of  keaC 
and  cold.  Now,  if  this  effedl  follows  ei- 
ther extreme,  every  degree  of  deviation 
froni  the  middle  point  mufl  be  propor- 
tionally injurious.  And  injurious  effeds 
would  certainly  follow  every  deviation 

R  from 
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from  this  middle  point,  were  it  not  for 
thofe  provifions  in  the  oeconomy  of  nature 
at  which  we  have  already  hinted,  by 
which  the  human  body  can  accommodate 
itfelf  to  a  very  extenfive  range  of  tempe- 
rature. 

The  effedls  of  the  caloric,  however,  are 
like  thofe  of  all  other  neceflary  ftimuh  : 
If  adling  in  too  great  a  proportion,  debi- 
lity fucceeds and  if  abftradled  in  too  great 
a  degree,  a  weakened  ftate  of  the  organiza- 
tion inevitably  follows.  The  latter  of  thefe 
may  be  termed  an  accumulated,  and  the 
former  an  exhaufted  excitability:  But  in 
fadl  we  fee  no  material  difference  in  the 
ftate  of  the  organization  produced  in  ei- 
ther cafe.  Nay,  precifely  the  fame  effedls 
will  in  fome  inftances  follow  thefe  oppofitc 
caufes.  A  high  temperature,  or  a  very 
low  one,  will  equally  induce  fleep.  This 
partial  fufpenfion  of  the  animal  fundlions 
feems  plainly  to  indicate  a  diminution  of 
the  excitability  ;  and  when  this  ftate  is 
produced  by  the  ftimulus  of  heat,  we 
lliould  perhaps  be  in  no  fufpence  to  fay, 
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that  tlie  excitability  was  exhaufted  by  the 
a(5lion  of  the  caloric.  But  muft  we  not, 
upon  the  fame  principles,  infer,  that. the 
excitability  is  e'xhaufted  when  fleep  is  in- 
duced by  too  great  an  abftracflion  of  heat  ? 
we -are  however  rather  difpofed  to  con- 
clude, that  a  debilitated  ftate  of  the  orga- 
nization is  in  both  cafes  induced,  which 
differs  not  in  its  nature,  ^nd  can  only  be 
removed  by  the  fame  means,  viz.  the  body 
being  gradually  reftored  to  a  medium  tem- 
perature. 

It  is  well  known,  that  the  continued  ab- 
ftra(5lion  of  heat  in  the  high  northern  lati- 
tudes, concurring  with  other  caufes,  con- 
fiderably  accelerates  the  production  of  that 
ftate  of  debility  which  conftitutes  fcurvy. 
In  like,  manner,  the  exceflive  action  of  the ' 
caloric  in  the  torrid  zone,  aflifted  no  doubt 
by  other  caufes,  produces  difeafes  of  de- 
bility, which  differ  indeed  in  their  form, 
but  perhaps  not  much  in  their  nature,  from 
thofe  which  follow  the  abftradlion  of  heat. 
It  is  equally  well  known,  that  either  the 
exceflive  adlion,  or  the  abflradlion  of  the 
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caloric,  will  facilitate  the  formation  of  ty- 
phus fever.  From  this  fimilarity  of  effeds 
we  cannot,  with  any  propriety,  infer  an 
exhauftion  of  the  Excitability  by  the  ex- 
ceflive  a(5lion,  or  an  accumulated  excita- 
bility by  the  abftradlion  of  the  calor.ic  ;  but 
we  clearly  perceive  a  debilitated, organiza- 
tion arifing  from  both  caufes,  and  which, 
we  are  difpofed  to  think,  can  only  be  re- 
moved, under  all  its  various  forms,  by 
nearly  the  fame  means. 

From  this  general  view  of  the  effeds  of 
external  heat  upon  the- animal  body,  we 
Ihould  be  inclined  to  fuppofe  that  the 
caloric  is  a  fimple  ftimulant,  i.  e.  that  it 
does  not,  li^e  aliment,  communicate  new 
matter  to  the  fyftem,  but  operates  upon 
the  animal  fibre  merely  by  its  ftimulant 
quality.  But  oipon  a  fubjed:  of  this  kind 
it  is  neceffary  to  fpeak  with  caution.  We 
are  little ,  acquainted  with  many  of  the 
pperations  which  take  place  in  the  animal 
ceconomy.  tVe  cannot  fay  what  modifi- 
cations the  caloric  may  undergo  in  the  bo- 
^j,  qx  ijito  what  new  combinations  it  may 

enter. 
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enter.  There  are  many  reafons  which 
may  induce  us  to  believe  that  the  caloric 
received  into,  the  body  enters  into  chemi- 
cal combination  with  other  matters,  fo  as 
to  be  changed  into  the  latent  ftate  or  com- 
bined caloric  of  the  modern  chemifts. 
Hence  it  may  be  fuppofed  to  form  a  con- 
ftituent  of  the  body  ;  and  in  that  cafe, 
even  this  apparently  fimple  ftimulus  will 
afford  an  additional  proof,  that  the  differ- 
ent agents  which  operate  upon  organized 
bodies,  do  not  adl  merely  as  ilimuli. 

It  is  probable  that  the  phenomena  of 
light  are  produced  by  a  rnodification  of  the 
caloric.  This -therefore  appears  to  be  the 
mod  proper  place  to  introduce  a  few  ob- 
fervations  on  the  effedls  of  light  upon  or- 
ganized matter.  Light  indeed  does  not 
appear  effentially  neceffary  to  the  produc- 
tion or  continuance  of  animal  dr  vegetable 
life  ;  for  we  find  that  the  vegetating  procefs 
may  be  carried  on,  and  animal  life  is 
prefervedjn  the  healthy  flate,  although 
light  is  wholly  abftradled.  Yet  this  fub- 
ftance  is  one  of  the  common  agents,  which 

aar, 
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a6l,  generally  fpeaking,  upon  all  the  indi- 
viduals of  the  animal  and  vegetable  king- 
doms. But  we  are  perhaps  lefs  acquainted 
with  the  efFeds  produced  by  light,  than 
thofe  almoft  of  any  other  agent. 

With  regard  to  the  vegetable  kingdom, 
it  is  clear  that  the  colour,  odour,  tafte,  and 
combuftibility,  are  to  be  attributed  in  a 
great  meafure  to  the  adlion  of  light.  Thefe 
qualities  generally  depend  on  the  prefence 
of  volatile  oils :  And  we  find,  that  vege- 
tables, w^hich  are  natives  of  the  warm- 
er climates,  and  which  confequently  en- 
joy a  greater  proportion  of  light  than  thofe 
of  other  regions,  poflefs  thefe  qualities  in  ^ 
the  highefl  degree.  It  is  certain,  then, 
that  plants  undergo  very  coniiderable  al- 
terations with  refpedl  to  their  conftituents, 
in  proportion  to  the  degree  in  which  they 
are  expofed  to  the  operation  of  light. 

The  efFe6ls  of  light  upon  animals  are  by 
no  means  fo  obvious  as  upon  vegetables : 
Yet  we  obferve,  that  even  the  colour  of  a- 
nimals  is  in  fome  degree  afFedled  by  the 
operation  of  this  fluid.    Animals  wholly 

deprived 
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deprived  of  light  are  changed  to  white. 
Such  is  the  efFedl  produced  on  the  hair  of 
animals  during  the  long  night  of  the  arc- 
tic circle.  A  fimilar  effedl  has  alfo  been 
obferved  upon  thofe  animals  of  other  re- 
gions which,  during  a  part  of  the  year,  le- 
clude  themfelves  from  the  light.  Gene- 
rally fpeaking,  the  colour  of  the  human 
race  varies j  from  jet  black  to  the  faireil  ^ 
complexion, !  in  proportion  as  ,they  are  ex- 
pofed,  in  a  greater  or  leffer  degree,  to  the 
adlion  of  light.  Other  caufes  may  proba- 
bly alfo  contribute  in  producing  all  the 
different  lhades  of  colour,  from  that  of  the 
Negro  to  the  Briton  or  the  Dane ;  but  the 
operation  of  light  cannot  be  excluded.  It 
is  probable  therefore  that  the  conftituents 
of  animal  boaies,  as  well  as  thofe  of  vege- 
tables, are  varied  by  the  agency  of  light, 
In  confequence  of  its  phyfical  proper- 
ties, light  has  a  very  coniiderable  effedl 
upon  mankind.  By  producing  the  phe- 
nomena of  vifion,  it  becomes  an  agent  for 
communicating  a  great  variety  of  ideas  to 
the  mental  faculty.    It  may  from  hence 
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be  the  means  of  awaking  either  the  agrec-^ 
able  or  depreffing  paffions  :  But  thele  ef^ 
fedls  are  rather  to  be  afcribed  to  the  objecfl 
which  the  light  prefents  to  the  mind,  than 
to  the  operation  of  light  itfelf. 

The  fimple  operation  of  light  upon  or- 
ganic matter  appears  to  be  that  of  a  mild 
and  agreeable  flimulant.  Hence  the  plea- 
fing  fenfation,  the  cheerfulnefs  of  fpirit, 
which  every  one  experiences  from  the 
llrong  folar  light  of  a  fine  day.  It  may 
indeed  be  fiippofed,  that  heat  alfo  affifts 
in  producing  that  hilarity  we  feel  in  fine 
weather :  and,  in  fome  meafure,  perhaps 
this  is  true.  .But  every  one  almoft  is  fen- 
fible  of  a  fuperior  degree  of  cheerfulnefs 
under  a  clear  Jfky,  in  the  coldeft  day,  a- 
bove  that  induced  by- a  warmer  tempera- 
ture,' when  the  hemifphere  is  clouded.  A 
fimilar  effed  is  alfo  produced  in  a  certain 
degnee  by  a  ftrong  artificial  light,  fuch  as 
the  fplendid  illuminations  of  a  theatre  or 
a  ball-room. 

The  ftimulating  quality  of  light  is  prin- 
cipally feen  from  its  effeds  upon  the  eye ; 

and 
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and  in  the  operation  of  light  upon  this 
organ,  we  may  trace  all  the  ufual  efFeds  of 
ftimuli.  If  totally  abflrac^led,  the  fight  be- 
comes weak ;  an  apparent  increafe  of  ex- 
citability feems  to  be  prefent ;  for  the  eye 
cannot  bear  the  aclion  of  a  ftron'g  light. 
But  by  the  power  of  habit,  as  is  the  cafe 
with  other  ftimuli,  the  organ  beconaes  lefs 
fenlible  of  the  operation  of  this  agent. 
Thus,  as  we  have  formerly  hinted,  perfons 
who  have  accuftomed  themfelves  to  eif- 
elude  the  Hght  from  their  chambers,  canr 
not  fleep  if  it  is  admitted,  although  the 
fyftem  has  undergone  the  ufual  exhaup 
tion  from  the  labours  of  the  day.  Others, 
again,  fall  into  the  flate  of  fleep  notwith- 
flanding  light  is  prefent,  provided  they 
have  habituated  themfelves  to  its  action 
during  the  period  of  fleep.  The  former 
alfo  do  not  find  fleep  prevented  by  the  adr 
miffion  of  light,  if  they  have  been  mor^ 
than  ordinarily  exhaufled  by  exercife.  Tp 
perfons  whofe  eyes  are  weak,  the  flimulus 
of  light  is  often  extremely  injurious.  It^ 
idion,  when  extreme,  like  that  of  other 

S  ftimu- 
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ftimiilants,  will  totally  derange  the  orga- 
nization. Thus  blindnefs  ^has  frequently 
been  induced  by  the  long-cdntinued  ac- 
tion of  a  ftrong  folar  light. 

A(5lual  obfervation,  as  well  as  analogy, 
fhows  that  a  certain  proportion  of  light  is 
-neceflary  for  the  animal  oeconomy.  The 

-  increafed  or  diminifhed  adlion  of  this 
fluid,  does  not  indeed  produce  injurious 
efFe(5ls  equal  to.thofe  which  follow  the  ab- 
flradlion,  or  extreme  adlion,  of  fome  other 
ftimujants :  but  we  find  the  total  abftrac- 
tion  of  light  produces  a  debilitated  orga- 
nization, both  in  animals  and  vegetables ; 
and  the  deftrudlion  of  the  power  of  vifion 
is  the  mofl  violent ,  effect  of  the  extreme 
adlion  of  this  agent :  yet  its  operation  is 
not  folely  confined  to  the  organ  of  vifion, 
but,  as  we  have  already  faid,  it  is  alfo  ca- 

,  pable,  of  varying  and  modifying  the  con- 
ftituents  of  bodies.  In  fliort,  light  ap- 
pears to  be  a  powerful  agent,  which,  by 
its  flimulant  property,  produces  a  variety 
of  changes  upon  organic  matter.  If  its 
operation  is  not  abfolutely  eflent  al  to  the 

produdion 


OF  ANIMAL  LIFE.     '   ^      1 59 

produdlion  and  continuance  of  life,  yet 
its  prefence  is  acflually  neceflary  to  elFedl  a 
variety  of  purpofes  in  the  ceconomy  of 
nature,  by  which  hfe,  is  rendered  much 
more  agreeable  than  it  could  have  been 
without  this  agent. 

The  third  agent,  to  the  confider^tion  of 
which  we  proceed,  is  Air.  It  is  a  general 
fa(5l,  that  air  is  neceflary  for  the  produc- 
tion and  continuance  of  life  in  all  organi- 
zed fubftances,  whether  animal  or  vege- 
table. Neither  animal  nor  vegetable  life, 
therefore,  can  be  preferved  long  in,  vacuo ; 
but  it  is  a  recent  difcovery,  which  we  owe 
to  modern  chemiftry,  that  it ,  is  oxyge- 
nous gas,  one  of  the  conftituents  of  atmo- 
fpheric  air,  which  is  alone  fo  peculiarly 
important  to  the  animal  oeconomy. 

Atmofpheric  air,  appears  to  be,  formed 
of  two  conftituents  of  very  difUmilar  pro- 
perties, the  azotic  axid  oxygenous'  gafes. 
The  bafes  of  thefe  two  gafes,;  viz^;  azote 
and  oxygene,  enter  into  the  ^  cqmpofition 
of  animal  and  vegetable  fubftances.  By  a 
variety  of  operations',  which  it  would  be 

S  2  improper 


.  I40       CAUSES  AND  PHENOMENA 

improper  for  us  here  to  detail,  we  dan  fe- 
parate  the  oxygene  from  atmofpheric  air  ; 
and  we  can  obtain,  from  a  great  number 
of  other  fubftances,  both  ,the  azotic  and 
the  oxygenous  gafes.  In  atmofpheric  air 
the  proportions  ^re  feventy-two  of  azotic, 
and  twenty-eight  of  oxygenous  gas. 

It  is  now  well  known,  that  combuftion 
is  fupported  by  the  oxygenous  part  a- 
lone  of  atmofpheric  air  ;  or,  more  ftridl- 
ly  fpeaking,  that  combu'ftion  confifts  id 
the  union  of  oxygene  with  the  fubftance 
burnt.  Different  fpecies  of  matter, 
therefore,  are  more  or  lefs  inflaiiiimable, 
in  proportion  to  their  affinity  with  oxy- 
gene.   Animal  refpiratior;  appears  to  be  a 

■  procefs  extremely  analogous  to  combuf- 
tion.  The  fame  change  is  produced  up- 
on the  air  during  refpiration,  as  in  the 
combuftion  of  carbonaceous  matter. 

For  the  performance  of  the  important 
fund;ion  of  refpiration,  nature  has  fup- 
{)lied   the   human  race  with  an  organ 

-bf  the  mod  curious  ftru(5lure,  in  every 
part  of  which  we  fee  th^  mod  flriking 

proofs 
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proofs  of  wifdom  in  the  contrivance.  It^ 
is  unnecefTary  here  to  enter  into  a  minute 
defcription  of  the  various  methods  em- 
ployed in  the  ftrudlure  of  the  lungs,  by 
which  the  introdudlion  and  expulfion  of 
the  air  is  facihtated, — by  which  the  air  is 
brought  in  conta(5l  with  the  numerous 
ramifications  of  the  arteria  pulmonis, — 
and  by  which  all  the  purpofes  of  refpira- 
tion  are  'efFedled.  It  is  fufficient  to  ob- 
ferve,  that  ^e  fubftance  of  the  lungs  is 
formed  of  a  «^aft  number  of  membranous 
cells,  and  'of  three  kinds  of  vefTels,  to 
which  we  may  add  nerves.  The  whole 
of  thefe  veffels  and  nerves  are  interfperfed 
among  the  cells,  forming  innumerable  ra- 
mifications. The  veffels  of  the  lungs  are, 
the  bronchia,  or  air-veffels, — the  pulmo- 
nary arteries  and  veins,— the  bronchial 
arteries  and  veins, — and  the  lymphatics. 

From  experiments  which  can  eafily  be 
performed  on  the  human  race,  as  well  as 
other  animals,  it  appears  that  thofe  fpe- 
cies  which  are  provided  with  lungs  refpire 
only  in  confequence  of  the  oxygenous  gas 

contained 
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contained  in  atmofpheric  air;  and  the 
function  of  refpiration  is  exercifed  with 
greater  vigour,  in  proportion  to  the  quan- 
tity of  oxygenous  gas  contained  in  the  air 
refpired.  Any  other  gafeous  fluid,  in 
which  there  is  none  of  this  pure  air,  is 
totally  unfit  for  refpiration,  and  will  in  a 
longer  or  fhorter  period  deftroy  life,  in 
proportion  to  the  nature  of  the  gas,  and 
the  flrength  and  habits  of  the  animal 
which  refpires  it. 

During  the  refpiration  of  atmofpheric 
air,  two  very  important  circumflances  are 
obfervable.  Firft,  A  quantity  of  air  dif^ 
appears  ;  and  fecondly.  The  air  which  is 
expired  diflfers  materially  from  that  which 
was  infpired.  Both  of  thefe  circum  fian- 
ces are  to  be  accounted  for  from  the  fame 
caufe, — the  change  which  takes  place  in 
the  air  during  refpiration.  The  atmo-? 
fpheric  air  which  we  inhale,  is  a  mixture, 
as  we  have  already  faid,  of  fcventyrtwo 
parts  of  azotic,  and  twenty-eight  of  oxy- 
genous gas.  The  air  which  is  expired, 
when  reduced  to  the  temperature  of  the 

acmofphere, 
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atmofphere,  is  confiderably  diminiflied  in 
bulk  ;  and  it  is  now  found  to  confift  of 
the  azotic,  carbonic  acid,  and  oxygenous 
gafes.  The  azotic  gas  of  atmofpheric  air 
is  returned,  in  expiration,  undiminifhed. 
in  quantity,  and  unchanged  i'n  quality  : 
a  confiderable  proportion  of  the  oxyge- 
nous g-as  has  difappeared,  and  a  quantity 
of  the  carbonic  acid  gas  is  foun4,  which 
was  not  prefent  in  the  air  which  was  in- 
fpired. 

Upon  the  whole  it  appears^  that  during 
refpiration  no  alteration  takes  place  upon 
the  azotic  gas  contained  in  atmofpheric  air ; 
it  is  expelled  in  the  fame  ftate  and  quan- 
tity in  which  it  was  received.  A  confi- 
derable proportion  of  the  oxygenous  part 
of  the  air  difappcars,  and  a  large  quantity 
of  the  carbonic  acid  gas  is  produced. 
From  hence  we  may  conclude,  that  a  pro- 
cefs  precifely  fimilar  to  combuilion  takes 
place,  either  in  the  refpiratory  organ,  or 
throughout  the  animal  body.  The  carbo- 
nic acid  gas  is  beyond  difpute  a  prpducfl 
of  combuflion.    Now,  the  difappeai^ance 

of 


\ 


144      CAUSES  AND  PHENOMENA 

of  the  oxygenous,  ,  and  the  evolution  of 
the  carbonic  acid  gas,  can  only  be  ac- 
counted  for  upon  one  or  other  of  the  fol- 
lowing principles  :  Firft,  It  may  be  fup- 
pofed,  that  a  flow  combuftion  of  carbo- 
naceous matter  takes  place  on  the  internal 
furface  of  the  lungs,  by  which  the  whole 
of  the  oxygenous  gas  which  difappears, 
is  changed  into  the  ftate  of  carbonic  acid 
gas  ;  or  fecondly,.  Perhaps  the  oxygenous 
-  gas  which  difappears,-  is  abforbed,  and 
conveyed  int;o  the  circulating  fluids,  and 
during  the  courfe  of  circulation  is  united 
with  ^  carbonaceous  matter,  forming  the 
carbonic  acid  gas,  and  which  is  exhaled 
from  the  lungs  during  refpiration.  Be- 
fore we  attempt  to  give  any  determination 
upon  this  fubjedt,  it  is  necefl^iry  to  con- 
fider  what,  effeds  are  produced  on  the 
blood  by  the  refpiratory  fundion.  Thefe 
are  chiefly  two ;  firfl:,  the  colour  of  the 
blood  is  changed  ;  and  fecondly,  heat  is 
evolved.  It  has  long  been  known,  that, 
the  arterial  blood  poflTeflTes  a  bright  vermi- 
lion colour,  and  that  the  venous  is  much 

darker, 
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darker,  in  fome  cafes  approaching  nearly  to 
blacknefs.  Now,  it  is  obferved,,  that  th? 
dark-coloured  venous  blood,  tranfmitted 
by  the  arteria  pulmonis,  undergoes  a  con- 
fiderable  change  in  its  colour  when  in  the 
lungs  ;  fo  that' -the  blood  which  is  returi^- 
ed  by  the  pulmonary  veins  pofTefTcs  a. 
bright  ^  vermilion  hue.  A  fimilar  efFedl 
is  produced  upon  the  yetious  blood  when 
expofed  to  atmofpheric  air.  After  it  has 
flood  for  a  while,  we  obferve  it  to  acquire 
a,  rriore  florid  colour.  This  effect  is  pror 
duced  with  more  rapidity,  if  the  venous 
blood  is  placed  in  contacfl  with  oxygenous 
gas :  The  vermilion  colour  is  quickly  in- 
duced ;  and  a  flmilar  change  is  produced 
on  the  air  placed  in  cbntadl  with  it,  to 
that  which  takes  place  during  refpiration, 
that  is,  the  bulk  of  the  air  is  diminilhed, 
and  a  quantity  of  carbonic  acid  gas  is 
formed. 

Now,  as  the  cqlour  of  the  blood  returned 
to  the  heart  by  the  pulmonary  veirjs  has 
acquired  the  vermilion  hue,  it  is  natural 
to  fuppofe,  that  the  whole  change  produ- 

'  T  ,  cq4 


146        CAUSES  AND  PHENOMENA 


ced  upon  the  blood  by  the  oxygene  is  ef- 
feded  in  the  lungs.  Yet  when  we  confider, 
that  if  blood  is  placed  in  contacl  with  at- 
mofpheric  air,  or  oxygenous  gas,  even 
out  of  the  body,  the  fame  effedl  is  produ- 
ced, it  remains  doubtful  whether  this 
change  folely  takes  place  in  the  lungs,  or 
whether  oxygenous  gas  'is  not  abforbed 
in  the  lungs,  and  conveyed  into  the  cir- 
culating fluids,  and  fo  produces  this 
-change  of  cbloar,  by  uniting  with  car- 
bonaceous matter  in  every  part  of  the  ar- 
terial fyftem. 

The  fecond  efFedl  produced  during  re- 
Ipira  ion,  is  the  evolution  of  heat.  The 
caufe  of  animal  iieat  has  in  all  ages  attrac- 
ted the  attention  of  philofophers ;  and  ma- 
ny theories  have  been  formed  to  account 
for  this  phenomenon  of  the  animal  oeco- 
nomy,  the  moft  of  which  feem  merely  hy- 
^  pothetical.      The  firft  philofopher  who 
-  paved  the  way  for  the  developmentvof  this 
'  important  fubjed,  was  the  celebrated  Dr 
Black.    He  firft  attributed  the  produ6lion 
of  animal  heat  to  the  procefs  of  refpiration. 

The 
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The  fame  theory  was  further  illuftrated, 
and  in  fome  degree  modified,  hj  Dr  Craw- 
ford, in  his  treatife  on  animal  heat. 
Much  light  has  alfo  been  thrown  upon 
this  fubjedl  by  '  the  difcoveries  of  many 
of  the  modern  chemifts.  We  fhall  not 
however  narrate  the  gradual  progreffibn 
by  which  this  theory  has  arrived  at  that 
decree  of  perfection  in  which  we  now 
find  it.  Nor  is  it  neceffary  to  enter  into 
any  particular  illuftration  of  the  dodtrine. 
It, is  fiifiScient  to  obferve,- firft,  That  in, 
refpiration  a  quantity  of  oxygenous  gas 
difappears,  and  a  portion  of  the  carbonic,  j 
acid  gas  is  produce.d.  It  follows  then,  fe- 
condiy,  That  refpiration  is  a  procefs  per- 
fecflly  analogous  to  combuftion  ;  and  third- 
ly, That  during  the  tranfmutation  of  the 
oxygenous  into  the  carbonic  acid  gas,  a 
confiderable  quantity  of  the  caloric  muft 
-  necelFarily  be  evolved. 

When  we  canfider  thfe  large  quantity  of 
oxygenous  gas  which  difappears  during  re- 
fpiration, and  the  "great  difference  in  the 
relative  capacities  of  the  oxygenous  and 

T  2      ,  carbopic 
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carbonic  acid  gafes  fbr  receiving  heat,  wc 
fee,  in  the  refpiratory  procefs,  a  caufe  a- 
buhdantly  fufficient  for  the  produdion  o£ 
animal  heat.  And  as  this  caufe  is  perpe- 
tually operating,  there  would  be  a  furplus 
of  heat  produced  in  the  animal  fyftem, 
were  it  not  perpetually  going  off  to  the 
furrounding  bodies. 

Now  in  this  method  of  accounting  for 
the  produdtion,  of  animal  heat,  it  is  not 
material  whether  we  fuppoffe  that  the  tranf- 
mutation  of  oxygenous  into  carbonic  acid 
gas  cakes  place  in  the  lungs,  or  whether 
the  oxygenous  gas  is  abforbed  in  the  lungs, 
and  mixed  with  the  mafs  of  circulating 
fluids.  In  the  latter  cafe,  we  mutl  fuppofe  > 
-  that  the  oxygenous  is  changed  into  the 
carbonic  acid  gas  in  every  part  of  the  ar- 
terial fyftem,  and  that  the  carbbnic  acid 
gas  is  thrown,  out  from  the  circulating, 
fluids  during  their  paflAge  through  the, 
lungs.  In  either  cafe,  however,  the  effedl 
is  the  fame.  Oxygene  feparated  from  the 
fefpired  air,  unites  with  carbonaceous 
matter  in  the  lungs,  or  in  every  part  of 

the 
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the  arterial  fyftem ;  and  the  caloric  mull 
in  either  cafe  be  evolved. 

We  may  now  briefly  flate  the  effeds 
prodiiced  in .  the  animal  oeconomy  by  the 
prdceft  of  fefpiration.   "The  firft,  as  we^ 
Lave  obferved,  is,  producing  a  change  in 
the  colour  of  the  blood  during  its  paflage 
through  the  lungs.    The  change  of  colour 
is  produced  by  the  feparatiori  of  carbona- 
ceous rriattet  from  the  blood.    This  fepa- 
ratlon  is  proved  by  the  formation  of  car- 
bonic acid  gas  in  the  lungs.    Thus  far  the 
proceis  ot  refpivation  is  perfetlly  analo- 
gous to  combuilidn.    Whether  any  por- 
'  tion  of  the  ,  oxygcfie,  v^hich  difappears  in 
tefpiration,  is  um^ed  to  the  blood,  feems 
at  leafl  to  be  doubcful.    But  it  is  evident, 
that  the  blood  has  undergone  a  very  coil- 
liderable  change  in  its  appearance  and  quai- 
lities.    The  florid  colour,  and  the  peculiar 
qualities   which  it  has  acquired  in  the 
lungs,  is  in  a  greater  or  leffer  degree  pre- 
ferved  through  the  arterial  fyftem,  but  are 
entirely  loft  in  its  progrefs  through  the  ve- 
nous fyftem.    There  can  fcarcely  be  arty- 
doubt. 
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doubt,  that  the  qualities  acquired  by  the 
blood  during  its  pailage  thrxDugh  the  lungs, 
render  it  a  more  powerful  ftimulus  to  the 
heart  and  arteries,  fo  as  to  be  more  ca- 
pable of  exciting  their  contravflion.  But 
the  proofs  of  this  point  we  mull  defer,  till 
we  confider  the  adtioh  of  the  circulating 
fluids  as  an  exciting  power. 

The  fecond  ufe  of  air  in  re-fpiration,  ^is 
the  production  of  animal  hea>t.  The  evo- 
lution of  the  caloric  in  the  lungs,  is  a  con- 
fequence  which  mufl  unavoidably  follow 
the  procefs  which  takes  place  in  that  or- 
gan, viz.  the  producfhion  of  the  carbonic 
acid  gas.  The  heat  of ,  animals  is  uni- 
formly found  to  be  in  proportion  to  t'le 
fize  of  the  lungs,  the  capacity  of  this  or- 
gan for  performing  its  fund.ipns,  stnd  the 
nature  of  the  air  which  is  refpired.  The 
lungs  therefore  miift  be  cohlidered  as  a  fo- 
cus of  heat,  from  which  the  whole  fyftem 
is  fuppiied.  In  -proportion  to  the  fize  of 
the  lungs,  a  greater  pr  lefTer  quantity  of 
oxygenous  gas  is  changed  into  the  ftate  of 
carbonic  acid  *gas.-  If  the  lungs  are  in  an 

unhealthy 
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unhealthy  ftate,  as  in  an  afthma,  this  ^ 
c?hange  takes  place  only  in  a  fmall  degree, 
and  a  proportionally  lefs  quantity  of  the 
caloric  is  evolved.  There  are  however  o- 
ther  cafes  of  difeafe,  as  in  phthifis  pulmo- 
nalis,  in  which  there  feems  to  be  an  in- 
creafed  a^lion  of  the  kings,  by  which^  a 
larger  proportion  of  carbonaceous  matter 
is  feparated  from  the  blood.  That  fuch 
an  effedl  takes  place,  ^  feems  to  be  proved 
by  the  very  florid  colour  eveh  of  the  ve- 
nous blood  in  this  difeafe ;  and  alfo  by 
the  increafed  heat  which  is  prefent  in  the 
fyftem.  It  is  remarkable,  that  thefe  eiFedls 
are  produced,  even  after  ,a  confiderable 
portion  of  the  fubftance  of  the  lungs  has 
been  deftroyed  by  the  difeafe  *. 

The 

*  Whether  any  advantages  will  be  derived  from  caufing 
patients  labouring  under  thefe,  or  other  difeafes,  to  re- 
fpire  air  modified  by  the  mixture  of  different  gafes,  is  to 
me  exceedingly  problematical.  It  would  however  be  pre- 
mature to  give  any  opinion  upon  this  fubjca, -becaufe  ex- 
periments are  yet  wanting  to  dtftermirie  whether  beneficial 
or  itijurjous  effeds  will  Kcfult.from  the  praftice.  It  is  to 
be  wiflied  that  Dr  Beddoes  may  fucceed  in  the  attempt  in 
which  he  is  at  prefent  engaged,  of  forming  an  eftablini- 

rcent 
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The  heat  thus  evolved  in  the  procefs  oi 
refpiration  is  one  of  the  moft  important 
agents  in  producing  and  continuing  the 
phenomena  of  life.  We  have  already- 
proved,  that  the  operation  of  heat  is  in- 
(difput;ably  ftimulant :  and  it  only  re- 
mains here  to  obferve,  that  the  heat  ne- 
celTary  for  animal  life  is  evidently  produ- 
ced by  tlie  refpiratory  fundtion.  It  ap- 
pears that  the  temperature  of  animal  bo- 
dies cannot  be  confiderably  increafed  qr 
diminiflied  by  external  caufes,  unlefs  thefe 
ca-ufes  operate  in  extreme  degrees,  as  ap- 
pears by  the  experiments  of  Drs  Fordyce 
and  Blagden  *. 

In  taking  an  accurate  view  of  the  ope- 
ration of  oxygene  in  fefpiration,  three  ef- 
fects appear  to  be  produced,  which  are 
immediately  neceffary  for  the  continuance 
of  animal  life.    Firft,  A  quantity  of  car-r 

bonaceous 

incnt  for  applying  the  gafes  in  different  difeafes  with  that 
accuracy,  and  in  fuch  quantities,  as  may  afford  a  perfefl 
ideciiion  with  refpefl  to  the  propriety  of  the  pradice. 

f  Fid.  Philofophlcal  Tranfdaions,  Vol.  LXy, 


OF  ANIMAL  LIFE.  i  r  - 

bonaceous  matter  is  feparated  from  the 
blood.  This  is  fufficiently  evidenced  by 
the  produdion  and  expulfion  of  ,  the  car- 
bonic acid  gas.  As  a  quantity  of  carbo- 
naceous matter  is  expelled  during  refpira- 
tion,  we  mull  conclude  that  the  retention 
of  this  matter  would  have  been  injurious 
to  the  fyftem.  We  cannot  however  fup- 
pofe,  that  the  mere  retention  of  a  fmall 
portion  of  carbone  is  the  immediate  caufe 
of  that  fudden  cefTation  of  the  powers  of 
life,  which  is  produced  by  the  total  ab- 
ftradlion  of  oxygpne  for  a  very  fhort  pe- 
riod. 

The  (econd  ^ffedl  of  oxygene  in  refpira- 
tiorL,  is  the  evolution  of  heat.  This  is  alfo 
equally  eflential  to  animal  exiftence:  for 
if  heat  is  not  produced  in  a  due  propor- 
tion, undoubtedly  difeafe  will  follow.  It 
does  not  however  appear  that  fudden 
death  by  the  abftradion  of  oxygene,  is  cau- 
fed  by  a  diminution  of  fenfible  heat  in 
the  animal  body  ;  but  this  effedl  of  refpi- 
ration,  the  evolution  of  heat,  muft  be  con- 

.  U  iidered 
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fidered  as  of  the  higheft  hnportance  to  the 
animal  ceconomy. 

The  third  effe<5l  of  oxygene  in  re fpi ra- 
tion, is  the  change  produced  on  the  arte- 
^•ial  blood.  That  a  very  important  altera- 
tion is  produced  in  the  colour  and  quali- 
ties of  tiic  blood  during  its  paflage  thro* 
the  lungs,  and  that  this  alteration  is  in 
fome  Vay  produced  by  the  oxygene 
■which  difappearrs  during  refpiration,  is 
fully  proved  by  experiment,  and  is  in- 
deed univerfally  allowed.  The  blood,  by 
thiis  change  in  its  qualities,  appears  to  be- 
come a  -  proper  ftimuius  for  exciting  the 
adlion  of  the  heart  and  arterial  fyftem. 
.This,  we  apprehend,  may  be  proved, 
from  a  clear  indudlion  of  fadlis,  which  we 
lliall  Ijave  a  more  proper  opportunity  of 
introducing  when  treating  on  the  flimu- 
lant  power  of  blood.  If,  however,  this 
change  in  the  qualities  of  the  blood  is 
not  perpetually  efFe(5iing  in  the  lungs,  the 
powers  of  life  will  be  quickly  fufpended. 
If  oxygenous  gas  is  wholly  abftracled 
from  any  anipaal,  the  firft  effe(5l  which 

follows 
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follows  is  an  impeded  circulation,  and 
quickly  the  heart  and  arter'es  ce'afe  to  , 
beat.    The  powers  of  life  are  then  entire- 
ly fufpended*    With  the  greateft  proba- 
bility, we  may  attribute  the  fudd^n  cef- 
fation  of  life,  during  the  abftradlion  of 
oxygene,  to  the  blood  being  no  longer  a 
proper  ftimulus  for  exciting  the  adlion  of  ^ 
the  heart  and  arteries  ;  and  this  evidently 
■  arifes  from  the  ufual  change  not  taking 
place  in  it  by  the  refpiratory  fun(5lion. 

It  appears  then,  from  the  effedls  of  oxy- 
genous gas  in  refpiration,  that  it  cannot 
be  confidered  merely  as  a  (imple  ftimulus 
to  the  body ;  nay,  its  operation  feems 
chiefly  to  depend  upon  its  chemical  qua- 
lities. Whether  oxygene,  during  refpira- 
tion, is  or  is  not  received  into  the  circu- 
lating fluids,  fo  as  to  become  an  adlual 
conftituent  of  the  body,  certainly  has  not 
been  decided  ;  but  it  is  plain,  that  in  ei- 
ther cafe,  oxygenous  gas  produces  a  very, 
material  change  in  the  ftate  and  qualities 
of  the  blood,  by  which  that  fluid  is  fitted 
to  acH:  as  a  proper  ftimulus  .  to  the  animal 

XJ  2  fibre 
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fibre  of  the  heart  and  arteries.  T'  e  oxy- 
genous gas,  therefore,  operates  in  this  cafe 
as  a  chemical  agent ;  and  there  can  be 
little  doubt,  that  by  the  alteration  which 
is  thuss  induced  in  the  ftate  of  the  blood, 
an  equally  material  change  is  produced 
in  the  animal  fibre,  which  receives  its  nu- 
trition from  the  blood.  We  have  there- 
fore, ii^  oxygenous  gas,  another  example 
of  a, natural  or  healthful  ftimulus,  which 
a(5ls  upon  the  animal  body,  not  only  by 
its  flimulant  power^  but  alio  by  its  other 
qualities.  It  is  equally  clear,  that  oxyge- 
nous gas  differs  from  many  othef  ftimlili, 
not  only  in  the  degree  of  its  .  power,  but 
alfo  in  the  nature  of  its  operation. 

Before  we  entirely  quit  the  confidera- 
tion  of  the  effects  of  air  as  a  ftimulant  to 
the  animal  fyftem,  it  feems  i3roper  to  add 
a  few  obfervations  upon  the  nature  and 
effedls  of  found.  We  (hall  therefore  in- 
troduce, this  as  the  fourth' natural  agent  or 
flimulus.  The  operation  of  found,  as  we 
have  already  obferved,"is  not  abfolutely^ 
neceflTary,  either  to  the  produdlion  or  con- 
tinuance 
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tlnuance  of  animal  life.  Of  this  we  have 
daily  an  opportunity  of  obfefving  a  clear 
proof,  in  many  of  our  fpecies  who  are  not 
pofleffed  of  the  power  of  hearing  :  yet  it 
is  equally  clear, 'that  ex!cepting  in  thefe 
few  inftance$,  found  is  an  agent  capable 
of  producing  the  mod  powerful  effedls 
upon  the  animal  body  ;  and  in  the  hu- 
man fpecies  we  often  witnefs  it%  opera- 
tion in  a  great  variety  of  modes.  Though 
it  is  not  abfoliitely  effential  to  the  prd- 
dudlion  or  continuance  of  life,  it  is  at 
leall:  of  confiderable  importance,  and  is 
capable  of  being  empldyed  as  one  of  the 
artificial  ftimuli,  by  which  very  confider- 
able  alterations  may.  he  produced  in  the 
ftate  of  the  human  fyftem. 

Sound,  by  v/hatever  fubftance  produ- 
ced, appears  to  be  received  and  transfer- 
red only  by  thofe  fiibftances,  the  parts  of 
which  are  capable  of  being  eafily  moved, 
fo  as  to  change  their  relative  fituations. 
But  fome  fubftance  is  abfolutely  neceffary 
to  convey  foupd,  becaufe  we  find  it  is  ut- 
terly loft  in  vacuo,  and  it  is  increafed  ia 

proportioa 
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proportion  to  the  denfity  of  the  air.  Elaf- 
tic  fluids  form  the  mod:  common,  and 
perhaps  the  moft  convenient  medium  t'ot 
transferring  founds.  At  one  time  it  was 
fuppofed  that  found  was  conveyed  by  air 
alone.  The  ingenious  Profeffor  of  Ana- 
tomy in  this  Univerfity  has  however 
fliowed,  in  his  treatife  on  the  Phyfiology 
of  Fiflies,  that  found  is  'alfo  conveyed  by 
Water,  and  nearly  with  as  much  rapidity 
ds  by  the  atmofphere.  Other  inelaflic 
fluids  mull  alfo  be  able,  in  certain  de-^ 
.greeS)  to  produce  the  falme  efFedl- 

To  form  found,  the  motion  or  collilion 
©f  bodies  is  requifite.  By  this  motion  or 
collilion,  a  tremor  or  vibration  is  induced 
in  the  transferring  medium.  There  is  an 
evident  impulfe  on  the  medium  through 
which  found  is  conveyed,  produced  by 
the  motion  or  collilion  of  bodies.  This 
impulfe  is  fuppofed  to  produce  certain  of^ 
ciilations  in  the  air,  or  any  other  medium 
capable  of  conveying  found,  by  which  its' 
plane  furface  is  alternately  elevated  and 
deprelTed   into   the   form  of  arches  or 

curves, 
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curves,  fo  as  to  form  a  fuccellion  of  fono- 
rous  waves.  The  impulfe  received  by 
the  transferring  medium,  is  by  it  con- 
veyed to  the  organ  of  hearing.  Hence 
we  may  fairly  conckide,  that  the  fenfa- 
tion  received  from  found  in  the  fenforiuin 
commune  is  produced  by  an  a6lual  im- 
pulfe on  the  external  organ  of  hearing. 
That  the  fenfation  which  we  call  found, 
is  produced  by  an  impulfe  on  the  fentient 
extremity  of  the  auditory  nerve,  may  be 
further  fupported  froni  other  phenomena 
of  found..  The  ofcillations  of  the  air  pro- 
duced by  the  motion  or  coUifion  of  bo- 
dies, fucceed  each  other  with  a  certain 
velocity,  proportioned  to  the  force  of  the 
motion  or  collifion  :  And  it  appears,  that 
to  produce  an  audible  found,  at  leaft  thirty 
of  thefe  ofcillations  muft  be  produced  in 
a  fecond  of  time.  Novv^,  it  feems  clear, 
that  in  proportion  as  the  vibrations  in  the 
transferring  medium  are,  in  a  given  time, 
few  or  many,  the  impulfe  on  the  organ 
of  hearing  will  be  ftrong  or  weak.  When 
the  vibrations  are  few,  the  impulfe  upon 

the 
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the  organ  of  hearing  is  fo  faint  as  to  be 
imperceptible. 

As  the  fenfation  of  found  appears  to  be 
produced  by  a  dire(5l  impulfe,  we  have 
reafon  to  conclude  that  it  operates  upon 
animal  bodies  by  a  ftimulant  power. 

The  operation  of '  found  is  chiefly  ob- 
ferved  in  effects  produced  upon  the  men- 
tal powers.     Sound,  however,  may  be 
employed,   and  it  may  produce  on  the 
mental  faculty  the  mod  powerful  effedls, 
while  yet  thofe  efFe(5ls  are  not  to  be  afcri- 
bed  to  the  found  itfelf,  but  to  that  which 
is  expreffed  by  it.    Thus  founds  exprefTed 
by  the  human  voice  may  be  employed  in 
the  delivery  of  hiftoric  fadls, — the  narra- 
tion of  a  tale  of  woe, — in  defcribing  a 
comic  fcene, — or  upon  any  other  fubjecl 
which  may  excite  emotions  in  the  human 
mind  :  pity,  grief,  or  horror  may,  be  a- 
wakened  ; — mirth,  joy,  efteem,  love,  or 
admiration  may  be  excited ;  yet  the  pro- 
ducing of  thefe  emotions  is  not  wholly 
to  be  afcribed  to  the  founds  which  have 
beea  employed,  bec^ufe,  had  the  fame^ 
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fii(f^s  and  circumftances  been  fubmitted 
to  the  eye  in  reading,  the  fame  pafTions 
Would  have  been  excited  in  n\inds  poflefT- 
ed  of  fenfibility.  It  is  true,  the  effe(5l  of 
eloquence  depends  in  a  great  i  meafiire  on 
mufic  ;  for,  in  the  large  and  proper  fenfe 
of  the  word,  mufic  has  been  ftyled,  the  art 
of  varioufly  affecfling  the  mind  by  the 
power  of  found.  The  moll  illiterate  and 
vulgar  minds  are  in  fome  meafiire  ca- 
pable of  feeling  the  pow'-er  of  a  juftly 
modulated  voice^  riling  or  falling  by  fuc- 
c€llive  harmonious  notes,  and  changing  to 
various  keys,  as  the  fubjedl  may  require* 
The  whole  effedl  of  oratory,  however,  is 
not  to  be  albribed  to  the  powers  of  the 
fpeaker  ;  the  influence  of  the  matter  de- 
livered, muft  be  diflinguiflied  from  that 
of  the  manner  in  which  it  is  pronounced^ 
In  eflimacing,  therefore,  the  power  of 
found  in  oratory  upon  the  human  mind, 
we  muft  dedu6l  a  confiderable  fhare  as 
properly  belonging  to  the  fubjecl,  and  not 
to  the  founds  by  which  it  is  expreffedJ 
In  the  mere  enunciation  of  fa<5ls  by  the 


l62       CAUSES  AND  PHENOME>TA 

human  voice,  in  the  ordinary  occurrences 
of  life,  the  ment^ll  powers  are  frequently 
affecfled  in  a  high  degree.  But  here  the 
influential  power  is  not  the  found  of  the 
voice,  but  the  £a.S:  announced.  It  is  by  the 
power  of  found,  unaccompanied  by  hu- 
man language,  that  we  mud  endeavour 
to  appreciate  the  influence  of  this  flimulus 
upon  the'  mental  power  of  man.  In  the 
efi'edl  of  mufic,  we  have  an  opportunity  of 
obferving  its  full  force. 

Particular  combinations  of  found  feem 
naturally  to  infpire  joy  ;  others  have  an 
equal  efledl  in  producing  melancholy  ;  in 
fhort,  every  paflion  and  emotion  of  the 
mind  may  be  produced  by  proper  com- 
binations of  mufical  notes.  Thefe  effed;s 
take  place  in  confequence  of  an  impuife 
upon  the  organ  of  hearing,  by  thofe  ofcil- 
lations  of  the  air  which  are  produced  by 
a  mufical  inftrument.  The  auditory 
nerve  in  this  cafe  is  evidently  the  imme- 
diate organ  of  fenfation ;  and  it  is  equally 
clear,  that  by  this  impulfe  fome  modifi- 
cation, though  altogether  unknown  to  us, 

muft 
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imifl  take  place  in  the  fentient  organ,  by 
which  the  peculiar  ideas  exprefled  by  the 
mufical  founds  are  awakened  in  the  mind. 

But  is  the  operation  of  found  in  all 
cafes  the  fame  ?  Does  every  poffible  com- 
bination of  found  ftimulate  the  fyftem  ? 
Or  does  not  found  in  many  cafes  pro- 
duce a  dire(5lly  fedative  efFe6l?  In  many 
inftances,  it  undoubtedly  ftimulates  the 
fyftem,  and  feems  even  to  produce  a  tem- 
porary vigour.  Thus,  a  perfon  fatigued 
by  labour  is  excited  to  dance  by  hearing 
a  joyous  tune,  with  which,  by  habit,  he 
has  affociated  the  idea  of  dancing.  The 
impreffion  is  here  firft  on  the  mental 
power,  and  the  energy  of  the  mind  inn 
duces  the  motion  of  the  body.  If  a  per- 
fon in  thefe  circumftances  feels  riot  that 
laflitude  which  he  had  juft  before  experi- 
enced, and  which  is  really  the  cafe,  the 
temporary  vigour  he  enjoys  muft  ulti- 
mately be  afcribed  to  the  operation  of 
found,  as  the  original  exciting  power. 
The  depreiTmg  paflions,  however,  are  e- 
qually  produced  by  the  adion  of  lound. 

X  21  '  When, 
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When  thefe  operate,  we  fee  not  the  leafi: 
increafe  of  excitement;  nay,  the  fyftem 
paffes  from  the  ftate  of  vigour  to  that  of 
debihty.    And  if  we  cannot  conceive  any 
power  to  be  ftimulant,  excepting  it  excites 
the  fyftem,  at  leaft  in  the  fir  ft  llage  of  its 
adion  ;  we  furely,  cannot  reafonably  con- 
clude, that  thofe  combinations-;  of  found 
•which  produce  the  deprefhng  pafhons  fli- 
mulate  the  fyftem.    It  may,  indeed,  be 
alledged,  that  the  founds  which  feem  na- 
turally adapted  to  exprefs  grief  or  forrow, 
operate  precifely  in  the  fame  manner  up- 
on the  organ  of  hearing,  by  the  impulfe 
of  certain  undulations  induced  in  the  air, 
'  as  the  founds  which  are  expreflive  of  joy  ; 
and  that  if  one  impreffion  conveyed  by 
thefe  undulations  is  ftimulant,   fo  alfo 
muft  the  reft.    To  this  we  would  anfwer, 
'    that  we  cannot  with  precifion  eftimate  the 
7nodus  operandi  of  any  fabftance  on  the 
fyftem,  merely  from  a  knowledge  of  the 
medium  through  which  it  operates  :  It  is 
only  by  the  effedls  which  we  obferve  to 
bc' produced,  that  we  can  form  any  juft  de-. 

termination 
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termination  relative  to  the  power  of  any 
particular  fubftance  upon  the  fyftem.  In 
proceeding,  according  to  this  method,  by 
indudion,  we  Hand  upon  firm  ground.  , 
We  are  too  little  acquainted  with  the  na- 
ture and  properties  of  every  fubftance,  to 
be  able  a  priori  to  fay  what  will  be  their 
efFedls  upon  the  animal  body ;  nor  will 
even  a  knowledge  of  their  fenfible  qua- 
lities, in  every  cafe  afford  us  any  »^nfider- 
able  affiftance.  Reafoning,  then,  from 
the  various  e£fe6ls  produced  upon  the  hu- 
man fyftem  by  different  combinations  of 
found,  we  muft  conclude,  that  their 
modes  of  operation  are  totally  diflimilar, 
notwithftanding  that  they  operate  through 
the  fame  medium. 

Sound  then  appears  to  be  an  agent 
capable  of  ading  upon  the  animal  frame, 
and  of  producing  material  changes  in  the 
ftate  of  its  organization,  although  it  nei- 
ther adds  new  matter  to,  nor  abftradls 
any  from  the  body.  It  operates  diredlly 
upon  the  animal  fibre.  The  fenfations 
which  it  produces  are  trj^nfmitted  to  the 

mental 
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mental  power,  and  this  laft,  by  its  read^ion 
upon  the  animal  body,  produces  a  vigo- 
rous or  debilitated  ftate  of  the  organization. 
It  is  obvious,  therefore,  that  although 
found  is  capable  of  exciting  the  fyftem  to 
a(5lion,  yet  it  is  an  agent  in  many  refpe(Els 
different  in  its  nature  from  any  of  the  pre- 
ceding. 

The  fifth,  and  laft,   of  the  external 
powers  which  operate  upon  the  body,  is 
aliment.    Under  this  term  is  included  a 
great  variety    of  fubftances,   many  of 
which  feem  to  poflefs  very  diiTimilar  qua- 
lities.   Alimentary  matters  have  generally 
been  divided  into  food,  condiment,  and , 
drink.    Food  and  drink  muft  be  reckoned 
among  thofe  powers,  the   operation  of 
which  is  efTential  to  the  production  and 
continuance  of  animal  life.    The  wants 
of  nature  in  this  refpeCl  are  indeed  few, 
and  eafily  gratified  ;  but  the  caprice  and 
luxury  of  man  have  increafed  the  lift  of  ali- 
mentary matters   to  an  enormous  fize. 
Many  fubftances  which  have  been  employ- 
ed as  food,  cannot  be  confidered  as  fa- 
vourable 
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vourable  to  health.    The  lift  of  condi- 
ments alfo  contains  many  others  that  are 
evidently  pernicious  ;  and  perhaps  feveral 
of  the  fluids  employed  as  drink  are  equally, 
if  not  more  injurious.    The  modifications 
of  alimentary  matters  by  the  art  of  cook- 
ery, alfo  not  unfrequently  produce  the 
mbft  pernicious  effedls.    We  would  not 
however,  with  ftoical  apathy,  reje6l  any 
wholefome  or  agreeable  article  of  food, 
merely  becaufe  nature  can  be  fupported 
without  it :  nor  can  we  condemn  any  me- 
thod by  which  a  common  article  of  diet 
is  rendered  more  agreeable  to  the  palate, 
for  no  better  reafon,  thao  that  life  may  be 
fupported  without  the  tafte  being  in  this 
manner  gratified.    By  following  the  dic- 
tates of  nature,  and  availing  ourfelves  of 
experience,  we  may  eafily  avoid  employ- 
ing any  fubftance  which  is  injurious  to 
health.    Yet  itj  feems  extremely  difficult 
to  point  out  th^  nature  and  properties  of 
the  different  articles  of  food  and  drink, 
together  with  their  effedls  upon  the  human 
body  ;  nor  does  it  appear  that  this  fubjedl 

has 
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has  yet  been  treated  upon  fully  or  proper- 
ly.   The  limits,  however,  which  we  have 
prefcribed  in  this  elTay,  will  not  permit 
"QS  at  prefenc  to  attempt  a  particular  elu- 
cidation of  this  fubje(5L. 
•  It  is  obvious,  that  alimentary  matters  are 
chiefly  defigned  to  repair  the  wafte  of  the 
fyftem,  and  that  they  are  in  fad:  the  prin- 
cipal fource  from  which  the  body  derives 
new  matter.    Hence,  a.lthough  they  are  all 
undoubtedly  ftlmulating,  yet  they  cannot 
be  fuppofed  to  a6l  upon  the  body  merely 
by  their  ftimulant  power.  We  fliall  endea- 
vour to  illuftrate  this  by  a  brief  view  of 
the ' digef^ive  procefs,  which  appears  to  be 
condudled  in  a  great  meafure  upon  chemi- 
cal principles.    It  mull:  however  be  admit- 
ted, that  food  of  every  kind  is  -  capable  of 
a(5ling  upon  the  organization  by  its  fti- 
mulant power,  independent  of  its  ufe  as 
furnifhing  new  matter  to  the  body.  Thus 
water,  which  is  perhaps  the  weakeft  fti- 
mulant employed  as  drink,  is  capable  of 
exerting  a  ftimulant  operation  even  upon 
thofe  who  are  accuftomed  to  employ  much 

moic 
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more  powerful  fluid  ftimuli.     Water  is 
extremely  beneficial  in  reftoring  a  perfori 
under   deliquium    animi.    The  ftimula- 
ting  effed  of  food  and  drink  is  obvious  to 
the  feelings  of  every  perfon.    After,  long 
abftinence  or  fatigue,  we  find'  the  body 
inftantaneoufly  invigorated  on  receiving 
a  fmall  portion  of  the  mildeft  alimentary 
matter.    Now,  in  this  cafe,  no  part  of 
the  fubftance  received  into  the  ftomach, 
whether  folid  or  fluid,  has  been  abforbed 
by  the  ladleals,  and  inixed  with  the  cir- 
culating fluids.     We  can  therefore  only 
account  for  the  effe6i  on  the  fuppofition, 
that  the  matter  employed  ftimulaces  the 
animal  fibre  of  the  flomach  ;  and  as  the 
body  is  an  indivifible  whole,  the  operation 
is  inftantaneoufly  extended  to  the  mofl: 
diftant  parts. 

The  principal  benefit,  however,  deri- 
ved from  the  aliment,  is  the  new  matter 
whicli  it  affords  the  fyftem.  The  altera- 
tion which  the  food  undergoes,  and  by 
which  a  proper  nutritious  matter  is  ex- 
tracted from  it,  appears  to  be  produced 

Y  both 
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both  on  mechanical  and  chemical  princi- 
ples. The  food  is  firft  mechanically  di- 
vided, and  mixed  with  the  faliva,  in  the 
iprocefs  pf  mafiication.  .  It  is  next  tranf- 
mitted  to  the  ftomach  ;  and  here  probably 
it  is  in  a  fmall  degree  fubjeded  to  me- 
chanical action,  by  the  gentle  alternate  mo- 
tions of  the  orbicular  fibres  of  the  mufcu- 
lar  coat.  It  does  not  however  appear,  that 
the  mufcular  adlion  of  the  ftomach  affifts 
in  the  digeftive  prqcefs.  The  operation 
in  this  vifcus  feems,  rather  to  be  copdu<51:ed 
upon  chemical  principles ;  and  the  chief 
ufe  of  what  has  been  called  the  periftaltic 
motion  of  the  ftomach,  appears  to  be,  to 
propel  the  aliment,  when  fufficiently  di- 
'gefted,  through  the  pylorus. 

In  man,  and  all  other  animals,  a  fluid 
is  fecreted  in  the  ftomach,  which  appears 
in  the  different  orders  to  vary  in  its  qua- 
lity. It  is  fuited  to  the  nature  of  the  food 
which  they  are  deftined  to  employ ;  and 
the  gaftric  fluid  in  each  fpecies  appears 
capabk  of  diffolving  that  kind  of  food 
which  nature  has  provided  for  them.  The 
gaftric  inid  of  carnivorous  animals  eafily 

diflblves 


1 


OF  ANIMAL  Lim  iyt 

datfoives  aiaimal  food,  but  has  little  effect 
jon  vegetable  mat;tfers  ; — ^that  of  tke  rumi*- 
nating  animals  readily  dilTolves  vegetable 
fubftanceSj  but '  fcarcely  produces  any 
change  upon  animal  matters  ; — while  that 
of  the  human  ftomach  h  Capable  of  dif- 
folvirig,  nearly  with  equal  eafe,  both  ani- 
mal and  vegetable  fubftances. 

It  has  been  fully  proved,  by  the  experi- 
ments of  Stevens,  Spalanzaiii,  and  others^ 
that  the  gaftric  fluid  in  man,  and  othef 
/animals,  is  capable  of  reducing  the  ali* 
tnentary  matters  into  a  foft  mafs  or  pulp^ 
independent  of  any  degree  of  trituration, 
in  the  ftomach ;  becaufe  food  inclofed  in. 
fpheres  and  tubes,  formed  of  metal  or  of 
tirood,  and  by  which  the  food  Was  confer 
quentiy  defended  from  trituration,  has 
been  completely  dilTolved :  And  the  fame 
effecfl  has  been  produced  by  the  gaftric 
fluid  upon  alimentary  matters^  even  out 
of  the  body. 

Powerful  however  as  the  folvent  opera- 
tion of  the  gaftric  fluid  feems  to  be,  it  is 
incapable  of  ading  upon  the  living  animal 
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body.  We  do  not  perceive  any  material 
difference  between  a  piece  of  raw  flefh  re- 
cently cut  from  an  animal,  and  the  fame 
fubftance  in  the  living  flate ;  yet  the  gaf- 
tric  fluid  ealQly  diflblves  the  former,  while 
it  does  not  in  the  leafl  a(5l  upon  the  latter, 
other  wife  it  would  dilFolve  the  ftomach  in 
which  it  is  fecreted.  But  no  fooner  has  - 
that  degree  of  derangement  taken  place  in 
the  organization  of  any  animal,  by  which 
it  is  rendered  incapable  of  the  acftion  of 
the  life-fupporting  powers,  than  it  be- 
comes fufceptible  of  the  adlion  of  the  gaf^ 
trie  fluid.  That  fl:ate  of  the  organization 
which  is  neceflTary  for  life,  is  capable  of 
refifting  the  operation  of  this  fluid :  and 
hence  it  is,  as  Mr  John  Hunter  has  re- 
marked, that  vjre  find  animals  living,  in 
the  ilomach,  or  even  hatched  or  bred 
there;  but  the  moment  that  life  is  fuf- 
pended  in  any  of  thefe,  they  become  fub- 
je^l  to  the  folvent  power  of  the  gaflric 
fluid.  We  are  certainly  not  poflefled  of 
any  fa(5^^  which  enable  us  to  point  out  the 
caufe  why,  animal  matter,  in  the  living 
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ftate,  is  capable  of  refifting  the  adion  of 
this  fluid,  when  it  fo  eafily  dilTolves  the 
fame  fub fiance  immediately  after  death. 

But  the  faliva,  and  the  fuccus  gaftricus,  , 
are  not  the  only  fluid*  which  are  employ- 
ed in  the  digeftive  procefs.  During  its  pro- 
grefs  through  the  inteftines,  the  alimen- 
tary matter  is  mixed  with  the  bile  and  j 
the  pancreatic  juice.    From  the  nature  of 
the  former,  we  are  certain  that  its  opera- 
tion is  in  a  confiderable  degree  chemical: 
but  it  muft  be  confefled,  that  we  are  too 
little  acquainted  with  the  nature  and  ope- 
ration of  the  whole  of  thefe  fluids,  to  point 
out,  with  any  degree  of  accuracy,  their 
precife  efFedls,  in  extradling  from  the  ali- 
ment a  proper  nutritious  matter  for  the 
fupport  of  the  body.    In  general,  we  per- 
ceive, that  decompofltions  are  efFe(5led, 
both  in  the  aliment,  and  the  animal  fluids 
employed  in  the  digeftive  procefs ;  and 
confequently  various  new  combinations 
muft  be  formed.   The  chemical  nature  of 
the  digeftive  procefs,  together  with  the  o- 
ther  leading  fafl,  that  the  aliment  affords 

new 
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new  matter  to  the  fyftem,  furnifh  the 
inoft  decifive  proof,  that  aliment  does  not 
adl  merely  as  a  ftimulant  to  the  body. 

It  will  be  here  underftood,  tliat  we  rea- 
dily admit,  that  proper  alimentary  matter 
poflefles  a  ftimulant  power  in  a  greater  or 
lefler  degree.  In  what  we  mean  further 
to  offer  upon  this  'fubje(5i:,  we  fliall  there- 
fore confine  ourfelves  to  fome  general  -ob- 
fervations  on  the  nature  of  aliment,  in 
two  points  of  view  :  Firft,  As  polTefting 
ftimulant  powers,  differing  from  each  o-^ 
ther,  perhaps  in  nature,  and  certainly  in 
degree  ;  and  fecondly,  As  furnifliing  nu- 
tritious matter  to  the  fyftem. 

Were  we  particularly  to  inveftigate  the 
qualities  and  effe6ls  of  the  different  ar- 
ticles of  aliment,  it  would  probably  ap- 
pear that  fome  of  thofe  fubftances  poffefs 
a  confiderable  ftimulant  power,  by  which 
the  adion  of  the  ftomach  is  exerted,  while 
they  contain  but  a  fmall  proportion  of 
nutrition;  and,  on  the  contrary,  other 
fubftances  may  contain  a  large  portion  of 
'nutritious  matter,  which  poffefs  a  low  fti- 
mulant 
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mulant  power  :  Ye;:  it  mufl  he  confefTed, 
that  it  is  not  poflible  to  afcertain  the  de^- 
gree  of  ftimulus  in  any  fubftance  merely 
from   its   fenfible  qualities.  Acrimony, 
perfe(f\ly  obvious,  is  not  always  a  proof, 
that  the  fubftance  in  which  it  is  found 
will  more  highly  ftimulate  the  fyftem 
than  other  fubftances,  the  fenfible  qu.ali- 
ties  of  which  are  comparatively  mild. 
Were  we  to  judge  merely  from  the  fen- 
fible qualities,  we  fhould  conclude,  that 
feveral  of  the  acrid  oils,  as  the  effential 
oils  of  mint,  cinnamon,  and  others,  were 
higher  ftimuli  than  alcohol,  or  even  opi- 
um.    Experience,  however,  proves  the 
contrary.    Thefe  examples  are  taken  in- 
deed from  the  artificial  ftimuli ;  but  per- 
haps  varieties   fomewhat   analogous  to 
them,  may  be  found  among  the  fubftan- 
ces  which  we  employ  as  articles  of  food, 
It  does  not  feem  pofTible,  therefore,  to  ef-: 
timate  the  degree  of  flimulant  power  in. 
any  fubftance,  excepting  from  the  efFedls 
which  we  perceive  it  to  produce  in  the  ani- 
mal oeconomy.    Agj^in,  another  difficulty 
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arifes  on  this  fubjea.  A  particular  fubflancc 
may  a(5lually  poffefs  a  confiderable  degree 
of  ftimulus,  and  when  firft  introduced  into 
the  ftomach,  may,  in  fome  meafure,  excite 
that  vifcus  [to  a^lion ;  but  it  is  immedi- 
ately mixed  with  the  fuccus  gaftricus,  and 
perhaps  with  other  fubftances, — it  under- 
goes a  kind  of  decompofition,  and  new 
combinations  are  formed,  which  proba- 
bly poflefs  qualities  exceedingly  different 
from  thofe  of  the  ftimulating  fubftance 
received  into  the  ftomach.  This,  in  many 
inftances,  muft  be  the  cafe  ;  becaufe,  as 
we  have  already  obferved,  the  digeftive 
procefs  is,  in  a  great  meafure,  ftridlly 
.  chemical.  In  the  new  combinations 
which  are  formed,  there  may  be  different 
degrees  of  ftimulus,  by  which  not  only 
the  aiflion  of  the  ftomach  and  bowels  may 
be  excited,  but  alfo  the  matter  which  is 
kbforbed  by  the  ladeals  may  poffefs  dif- 
ferent qualities  in  this  refpecfl ;  and  hence 
the  blood  may  become  a  more  or  lefs 
powerful  ftimulus  to  the  fanguiferous 
fyftem.   That  fuch  alterations  in  the  qua- 
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lity  of  the  circulating  fluids  may  take 
place,  cannot  be  denied,  although  altera* 
tions  in  the  nature  of  the  blood  have  not 
hitherto  been  particularly  attended  to,  ex- 
cepting in  a^few  difeafes,  where  the  change 
upon  this  fluid  is  exceedingly  great  and 
obvious. 

There  are  again  other  fubftances  which 
may  be  received  into  the  ftomach, — tranf- 
mitted  to  the  inteftines, — abforbed  by  the 
la(5leals, — and  mixed  with  the  circulating 
fluids,  without  undergoing  any  change 
in  the  whole  of  this  procefs.  Of  thefe  we 
have  a  remarkable  inflance  in  the-  folid 
,  colouring  matter  of  the  rubia  tindlorum, 
which  is  not  only  conveyed  into  the  blood, 
but  depofited  in  the  bones,  without  having 
Undergone  any  alteration.  Sulphuric  a;- 
then  may  alfo  be  mentioned  as  an  example 
of  a  powerful  ftimulant  being  received  in- 
to the  circulating  fluids,  without  under- 
going any  material  change.  It  is  a  well- 
known  fa(5l,  that  vapours  of  this  fub- 
(lance  are  in  fbme  cafes  throwri  out  of  the 
body  with  the  expired  air,  for  thirty  or 
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forty  hours  after  receiving  a  large  dofe. 
Thej.\iices  alfp  of  feveral  veji^etable  fub- 
ftances,  which  are  employed  as  articles  of 
(diet,  or  at  leaft  as  condiment,  feem  to  un- 
dergo little  change  in  the  digeftive  pro- 
eefs,  of  which  raw  onions  and  garhck  are 
ftriking  examples. 

From  thefe  obfervations  two  conclu- 
fions  are  obvious ;  Firft,  That  it  is  ex-r 
tremely  difficult  to  afcertain  the  de- 
gree of  ftimulus  which  many  fubftances 
exert  on  the  fibre  of  the  ftomach  and  ali- 
mentary canal ;  becaufe  it  appears,  that 
in  various  inftances  the  degree  of  ftimulus 
cannot  be  determined  by  the  fenfible  qua- 
lities ;  and  it  is  equally  impoffible,  in 
maily  cafes,  to  afcertain  what  degree  of 
flimulant  power  is  poflefled  by  the  new 
compound  formed  in  the  digeftive  progefs. 
Secondly,  It  appears,  that  thofe  fubftaaces 
which  are  molt  cafily  digefted,  do  not,  in 
many  cafes  at  leaft,  poilefs  fo  high  a  fti- 
mulant  power  as  the  moi'e  indigeftible. 
Digeftion,  ftr^»5lly  fpeaking,  is  the  change 
of  certain  principles  contaiutd  in  the  ali- 
.  mencary 
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mentary  matters,  into  proper  chyle,  fit 
for  the  nutrition  of  the  fyftem.  We 
clearly  fee,  that  fome  of  the  mod  power- 
ful ftimulants  that  are  ever  received  'into 
the  ftomach,  and  which  are  commonly 
employed  as  drink, '  condiment,  or  medi- 
cine, do  not  undergo  this  change,  or  at 
lead  the  alteration  which  takes  place  in 
-theth'  is  bttTy  partial;  From  hence,  then, 
we' cannot  infer,  that  thofe  animal  and 
vegetable  fubftahces  which  experience 
Ihews  to  be  the  moft  proper  and  nutri- 
tious aliment,  are  the  mod  eafily  digefted, 
6t  the  mod  highly  dimulant :  We  mud 
rathef,  and  with  more  reafon,  conclude, 
that  thofe  which  are'  eafily  digeded  pofTefs 
a  degree  of  ftimulus  more  exadlly  fuited 
to  the  date  of  the  organization  or  excita- 
bility in  the  fibre  of  the  domach,  than 
the  more  indigedible ;  while  thefe  latter 
poflefs  either  too  high  or  too  low  a  dimu- 
lant power. 

It  mud,  however,  be  again  remarked, 
that  a  mere  dimulating  quality,  capable 
of  exciting  the  fibre  of  the  domach,  ia 
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whatever  degree  it  may  exift  in  the  ali- 
mentary matter,  is  not  fufficient  to  ac- 
count for  the  -  digeftive  procefs,  nor  can 
the  degree  of  fuch  a  mere  ftimulant  power 
be  the  chief  caufe  why  one  fubftance  is 
more  eafily  digefted  than  another.  For, 
if  it  is  true  that  the  folution  of  ahmentary 
matters  by  the  fuccus  gaftricus  is  effedled 
upon  chemical  principles,  it  will  follow^, 
that  the  peculiar  qualities  of  this  fluid  arc 
of  much  greater  importance  in  the  digef* 
tive  procefs,  than  the  degree^  of  ^imulus 
pofTeffed  by  the  aliment.  For  it  is  certain, 
that  the  fuccus  gaftricus  is  capable  of  dif- 
iblving  the  aliment,  independent  of  any 
adlion  in  the  animal  folid.  It  may  be  in- 
deed alledged,  that  of  two  given  fubftances 
the  one  may  be  more  eafily  digefted  than 
the  other,  becaufe  that  which  is  moft 
eafily  diflblved  poflefTes  a  degree  of  ftimu- 
lus  to  excite  the  adion  of  thofe  vefiTels  in 
■which  the  gaftric  juice  is  fecreted  ;  and 
that  the  fubftance  which  is  not  fo  eafily 
digefted,  does  not  poflTefs  a  fufficient  de- 
gree of  ftimulus  to  produce  this  effe<5l. 

' .   .  -  Wc 
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We  may  readily  admit,  that  the  aliment 
may  ftimulate  the  vefTels  on  the  furface 
of  the  ftomach,  upon  principles  merely 
mechanical.  Upon  fuch  principles,  it  is 
evident,  that  the  faliva  is  excreted  in 
larger^  quantity  during  maftication  than 
at  other  times ;  but  this  reafoning,  how- 
ever plaufibie,  certainly  does  not  .  apply  in 
all  cafes,  in  explaining  v^^hy  one  fubftance 
more  eafily  diffolved  in  the  ftomach 
than  another  ;  becaufe,  if  different  fpecies 
of  aliment,  as  we  have  formerly  obferved, 
are  inclofed  in  fpheres  or  tubes,  the'gaf- 
tric  fluid  is  found  to  adl  mpre  powerfully 
upon  fome  than  others.  Jn  the  ftomachs 
of  carnivorous  animals,  vegetable  mat- 
ters are  fcarcely  acled  upon;  —  in  the, 
merely  herbiverous,  animal  matters  are 
not\  diffolved  ;  —  and  in  man,  the  de- 
grees of  folution  in  different  fubftances 
exceedingly  vary.  Now,  in  all  thefe 
cafes,  the  mechanical  adtion,  applied  to 
the  furface  of  the  ftomach  by  the  tubes  or 
balls,  is  precifcly  the  fame :  befides,  as 
we  have  faid,  the  gaftric  fluid  extracted 
from  the  body  and  placed  in  vitro^  exhi- 
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bits  the  fame  variety  of  efFecSls  upon  dif^e- 
fetit  fubftances.  And,  in  this  cafe,  the 
adtioH  of  the  gaftric  fluid  is  not  affifted 
by  that  of  any  ftimulant  power,  -whether 
mechanical,  or  of  any  other  kind.  The 
lecretion  of  a  proper  fluici  to  effedl  the  fo- 
lufion  of  the  alimentary  matter,  depends 
On  the  proper  ftate  of  the  circulating  fluids 
from  which  the  gaftric  liquor  is  fecreted, 
ind  the  fl:ate  of  the  fecteting  organs ;  an4 
both  of  thele  muft  ultimately  depend  on 
a  due  degree  of  excitement  being  main- 
tained in  the  fyfl:em  at  large ;  and  this  can 
only  be  effedled  by  the  natural  agents  or 
exciting  powers  being  employed  iti  a  due 
proportion,  by  which  the  organization  it 
J)refefved  in  the  healthy  fl:ate.  The  gal^ 
trie  fluid,  however,  being  thus  properly 
formed  and  fecreted  in  due  proportion,  its 
adlion  on  the  alimentary  matter  is,  as  we 
have  faid,  fl:ri(5lly  chemical.  Hence  then 
it  is  clear,  that  we  cannot  afcribe  the  pe- 
culiar folubility  of  any  fubftance  in  the 
{lomach  to  its  poflefllng  a  high  degree  of 
ftimulant  power  j  nor  in  any  great  mea- 

fure 
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fure  to  the  degree  of  ftimulus  which  it 
poirelTes,  but  rather  to  the  quality  of  the 
gaftric  fluid, ,  and  to  the  quantity  of  the 
alimentary  matter  being  juftly  propor* 
tioned  to  the  quantity  of  the  folvent  flaid 
which  the  ftomach  is  able  to  furnifh. 

It  may  be  objedled,  that  the  appetite 
is  increafed,  and  the  digeftion  promoted, 
by  throwing  into  the  ftomach  highly  fti- 
mulating  fubftances,  ag  alcohol  in  various 
forms,  and  certain  vegetable  ft.imulants, 
as  water-creiTes,  horfe-radifli,  muftard,  and 
others  ;  to  which  may  be  added  the  whole 
lift  of  ftimulating  fubftant:es  employed  in 
cookery,  and  efpecially  in  the  formation  of 
lauces.  It  muft  here  be  obferved,  that 
the  operation  of  fubftances  by  which  the 
appetite  feems  to  be  increafed,  cannot  all 
be  accounted  for  upon  the  fame  principles. 
A  confiderable  number  of  fubftances  in 
the  lift  of  condiments,  and  the  peculiar 
modes  of  preparing  food,  by  rendering 
the  alimentary  matter  more  agreeable  to 
the  tafte,  are  in  many  inftances  the  caufe 
of  our  employing  a  larger  quantity  of  food 

than 
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than  we  other  wife  fhould  do.  In  other 
cafes  it  may  be  admitted,  that  highly  fti- 
mulating  fubftances  may  excite  the  acflion 
of  the  ftomach,  fo  as  to  enable  us  to  re- 
ceive a  greater  quantity  of  food  than  ufu- 
al.  But  it  may  be  juftly  doubted,  whe- 
ther the  digeftive  power  is  in  any  cafe 
much  increafed  by  the  ufe  of  fuch  ftimu- 
lants.  Nor  can  it  be  fuppofed  that  the 
digeftive  power  can  be  promoted  by  their 
ufe,  excepting  the  excretion  of  the  gaftric 
fluid  is  increafed  by  the  r  ftimulant  ac- 
tion. But  here  it  muft  be  alfo  obferved, 
that  not  only,  as  we  fhall  prefently  fhow, 
their  producing  'this  effe'fl  is  in  ma- 
ny inftances  dubious,  but  alfo,  if  the 
effe(^l  is  produced,  the  continued  ufe  of 
fuch  ftimulants  muft  be  extremely  injuri- 
ous. For  it  is  not  to  be  fuppofed  that  the 
fyftem  can,  in  a  limited  period,  fupply 
any  given  quantity  of  the  gaftric  fluid. 
And  the  forcing  out  of  the  veflels  an  im- 
properly prepared  fluid,  can  never  be 
fuppofed  to  increafe  the  digeftive  power. 
Their  continued  ufe,  therefore,  can  only 
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induce  a  general  debility  of  tlie  fyftem. 
Within  certain  bounds,  they  may  indeed 
be    employed,    without  very  obvioufly 
producing  injurious  efFedls.     But  when 
ufed  in  large  quantity,  _and  the  pradiee 
perfiflcd  in,  indigeftion,  and  all  the  other 
cfFedls    of  repletion,    inevitably  follow. 
Befides,  the  feeming  appetite   which  is 
fuddenly  produced  by  n^ixing  flimulating 
fubftances  with  our  food,  is  not  wholly 
to  be  afcribed  to  the  excretion  of  a  greater 
quantity  than  ufual  of  the  ga(lric  fluid.' 
For  not  only  are  we  induced  to  fwallow  a 
large  quantity  of  particular  fubftances, 
from  the  tafte  being  gratified,  but  power- 
ful ftimulants,  by  exciting  the  mere  muf- 
cular  contradion  of  the  ftomach,  may 
force  a  quantity  of  the  aliment  through 
the  pyloric  orifice  into  the  inteftines,  with- 
out having  undergone  that  change  which 
is  neceffary  to  the  preparation  of  proper 
chyle.    It  may  be  readily  admitted,  that 
when  the  fyftem  is  under  debility,  and 
ihe  ftomach    and  bowels   are  particu- 
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larly  afFedled,  as  in  dyfpcpfia,  and  other 
analogous  cafes,  the  ufe  of  ftunulants  of 
various  kinds,  provided  the  degree  of  fti^ 
mulus  is  '  properly  proportioned,  may  ex- 
cite a  due  action  in  thefe  organs,  and 
promote  the  excretion  of  fiich  a  quantity 
of  the  gaftric  juice  as  may  efFecl  the  digef- 
tion  of  the  food,  the  formation  of_a  proper 
chyle,  and  confequently  the  removal  of  the 
general  debility,  by  furniihing  a  fufEcient 
quantity  of  nutritious  matter  to  the  fyftem. 
But  there, is  reafon  to  fufpedl,  that  in 
thefe  difeafes  too  great  a  quantity  of  the 
more  powerful  fUmuli  is  not  unfrequent- 
ly  employed. 

From  the  whole  of  thefe  ob  ervations, 
the  following  conclufions  may  be  fairly 
drawn.  Firft,  That  the  digeflive  procefs 
do^s  not  folely  depend  upon  the  ftimula- 
ting  power  of  the  alimentary  matter,  but 
alfo  on  the  relation  fubfifting  in  the  lav/s 
of  nature  between  various  fubftances,  and 
by  which  they  are  difpofed  to  enter  into 
chemical  combination.    Secondly,  Excluv 
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din^  from  our  confideration  the  niechani-^ 
cal  ftimulus  of  the  aUment,  arifing  from 
its  bulk,  or  degree  of  confiftence,  we  do 
not  perceive  j:hat  the  (limulant  power  pojf. 
feffed  by  any  fubflance  can  be  determined 
merely  by  its  fenfible  qualities  out  of  the 
body.    Therefore,  thirdly,  The  degree  of 
ftimulus  poflelTed  by  any  given  fubftance 
can  only  be  determined  by  the  elfecls 
which  we  obferve  it  to  produce  on  the 
body.    Andj  fourthly,  That  in  eftimating 
the  qualities  of  any  fubftance  as  an  ali- 
mentary matter,  we  can  only  afcribe  to 
its  ftimulant  power  the  property  of  acce- 
lerating the  digeftive  procefs  in' a  certain 
degree,  and  upon  the  principles  already 
ftated  :  excepting  in  the  cafe  of  thofe  fli- 
mulants  which  do  not  undergo  any  change 
in  this  procefs,  and  which  may  be  abforb-^^ 
ed  by  the  lacfleals  in  a  meje  ftate  of  mix- 
ture  with  other  matters.    But  an  inftance 
of  thefe  laft  is  perhaps  not  to  be  found  a-» 
mong  proper  alimentary  fubftances. 

We  go  on,  in  the  next  place,  to  offer 
fome  general  obfervations  upon  the  fecoAd 
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mode  ill  which  alimentary  matters  a6l  in 
th^  animal  body  :  that  ,is,  as  furnifhing  a 
proper  nutritious  matter  to  repair  the 
wafte  which  takes  place  in  confequence  of 
the  various  excretions.  Upon  this  point, 
the  firft  queftion  that  occurs  is,  What  is 
the  proper  nutritious  matter  ?  If  this  que- 
ftion we're  clearly  folved,  it  might  per- 
haps feem  eafy  to  determine,  in  the  fe- 
cond  place,  what  fpecies,  or  individuals,  a- 
mong  the  various  kinds  of  aliment,  fur- 
nifli  the  mod  proper  or  the  largeft  quan- 
tity of  nutritious  matter.  There  are  diffi- 
culties, however,  which  cannot  be  eailly 
overcome,  attending  the  folution  of  both 
thefe  queftions. 

With  refpe6l  to  the  firft,  What  is  the 
proper  nutritious  matter  ?  The  late  in- 
genious ProfelTor  Cullen  has  endeavour- 
.ed  to  prove,  that  it  is  formed  of  the  acid, 
oil  and  faccharine  matter  which  we  find, 
in  the  more  or  lefs  combined  ftate,  in  ve- 
getables. Obferving  that  the  greater  num- 
ber of  animals  which  are  employed  as  ali- 
ment derive  their  whole  fupport  from  ve- 
getable 
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getable  matters,  he  conficlered  it  as  rea- 
fonable  to  conclude,  that  the  proper  nutri- 
tious matter  was  ultimately  to  be  fought 
for  in  the^egetable  kingdom.  As  an' acid 
is  found  ih  many  vegetable  fubftknces 
w-hich  are  employed  as  aliment  ;~as  fac- 
charihe  matter  is  either  originally  prefent, 
or  may,  ;b-y  certain  procefTes,  be  evolved 
in  the  moft  nutritious  vegetable  inatters; 
— -and  as  an  oil  is  very  generally  prefent, 
or  may  be  extra(5led  from  the  moft  of 
thefe  ; — he  concluded  that  they  together 
formed  the  proper  nutriment  of  animal 
bodies.    To  thefe  he  was  inclined  alfo  to 
add,  the  vegeto-animal  gluten  which  Bec- 
caria  had  difcovered   in  a  confiderable 
number  of  vegetables,  and  which  efpe- 
cially  abounds  in  fonie  of  the  moft  nutri- 
tious, '  as  in  wheat.    This,  as  a  fubftance 
exceedingly  analogous  to  animal  iiiatters, 
or  rather  as  being  always  found  in  animal 
bodies,  may  with  fome  reafon  be  conft- 
dered  as  proper  nutriment.  /  But  Dr  Gul- 
-len  further  obferving,  that  acids,  oils, 
and  faccharine  matter,  are  never  found 
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in  the  .ieparate  ftate  in  the  blooti,  or 
och?;:.  ..animal  fluids,   at   leaft  when  in 
health  ;  he  therefore  concluded,  that  the 
chyle  was  formed  by  an  intimate  mix- 
tiije  of  thefe  principles.    Now,  although 
this  theory  cannot  be  admitted,  and  efper- 
cially,i];i. that  latitude  to  which  Dr  Cullen 
Teems  to  have,  extended,       ,jet .  juftice 
compels  us  to  obfervi,  that  it  had  a  eon- 
fiderable  degree  of  plaufibiiity.  at  the  time 
when  it  was  formed,  and  that ,  it  was  of- ' 
fered  with  that  modefly  and  diffidence 
■which  ajways  mark  true   genius.  We 
may;  ^yen  go  farther,  and  admit,  that  in 
fome  inftances,  particular  mixtures,  form- 
ed of '  two  or.  more:  of  thefe  fub (lances, 
may  be  received  into  the  fanguiferous  fyf. 
teni.  But  a  more  accurate  chemiftry,  and  - 
a  . more;  rigid  analyfis  of  both  animal  and 
vegetable  matters,  than  was  known  at  the 
time  when  Dr  Cullen  wrote,  lead  us  in 
fome  refpeds  to  fpeak  with .  more  cer- 
tainty, and  '  in  others  with  a  greater  de- 
gree of  hefitation,  concerning  the  forms 
of  whofe  fubltances  which  are  extracted 
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from  animal  and  vegetable  matters  to  fup- 
ply  the  body  with  nutrition. 

We  find,  that  the  principal  conftituents 
of  animal  and  vegetable  fubftances,  are  dif- 
ferent combinations,  in  various  propor- 
tions, of  carbone,  hydrogene,  oxygene, 
and  ,azote  ;  the  laft  being  generally  in  a 
greater  proportion  in  animals  than  in  ve- 
getables. The  whole  of  thefe  are  indeed 
found  in  the  acid,  oil,  fugar,  and  vegeto^ 
animal  gluten  which  Dr  Cullen  fuppofed 
formed  the  nutrition  of  animals  ;  yet  we 
cannot  fay  that  a  mere  mixture  of  thefe 
forms  the  chyle,  becaufe  in  that  decom- 
pontion  which  takes  plkce  -  in  the  alimen- 
tary  matters  when  mixed  with  the  gaftric 
fluid,  it  is  impoffible  to  determine  what 
new  combinations  are  formed.  Nor  is  it 
reafcnable  to  fuppofe  that  nothing  more  is 
effedied  in  this  wonderful  procefs  than  the 
formation  of  a  mere  emulfion,  by  the  mix- 
ture of  an  acid,  an  oil,  faccharine  matter, 
and  a  portion  of  V(?geto-animal  gluten, 
Befides,  there  are  other  parts  of  vegetable 
fubftances  which  may  furnifh  feveral  of 
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the  tonftituents  of  animal  bodies,  as  well 
as  the  previoufly  formed  acid,  oil,  or  fac- 
charine  matter.  Nor  are  we  certain  that 
thofe  conftituents  of  animal  bodies  v^hich 
we  obtain  as  the  lall  refult  of  analyfis,  are 
themfelves  ftridly  fimple.  It  has  been 
alledged,  that  carbone  is  a  compound 
fabftance,  formed  of  hydrogene  and  azote. 
This,  though  perhaps  not  fully  proved,  is 
at  leaft  poflible.  And  the  fame  may  be 
the  cafe  with  feveral  others,  which,  in  the 
prefent  ftate  of  our  knowledge,  are  ne- 
cefTarily  confidered  as  fimple  bodies. 
Hence  various  decompofitions  and  new 
combinations  mav  be  formed  in  the  di- 
geftive  procefs,  with  which  we  are  totally 
unacquainted.  There  are  alfo  other  fub- 
flances  befide  thofe  which  we  have  iuft 
mentioned,  which  muft  be  confidered  as 
conftituent  principles  of  animal  bodies: 
As  the  phofphate  of  lime,  which  forms  fo 
confiderable  a  proportion  of  the  bones  j 
iron,  and  feveral  faline  matters,  which  are 
uniformly  found  in  the  fluids.  Now  the 
whole  of  thefe  are  either  received  into  the 
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body  ready  formed,  or  they  are  produced 
in  the  fyftem  by  the  combination  of  their 
various  conftituents.  To  take,  for  the 
illuftration  of  this  fubjedl,  the  ^hofphate 
of  lime  for  Our  example.  From  the  great 
quantity  of  this  fubfhance  in  the  bones,  a 
confiderable  proportion  of  which  we  know 
is  daily  carried  off  by  excretion,,  it  is  clear 
that  a  daily  fupply  of  it  is  required  ;  and 
cither  the  fubftance  already  formed,  or 
'  its  conftituents,  are  introduced  into  the 
fyftem,  and  are  a  part  of  the  true  nutri- 
tious n  matter.  Now  the  phofphate  of 
lime  may  be  received  into  the  body  al- 
ready formed  :  Yet  we  do  not  perceive 
any  fource  from  which  in  this  ftate  it  can 
be  derived.  It  exifts,  indeed,  both  in  a- 
nimal  and  vegetable  matters.  But  it  is 
in  a  very  fmall  proportion  in  vegetables  ; 
and  the  quantity  is  alio  exceedingly  mi- 
nute in  thofe  parts  of  animal  bodies  which 
we  employ  as  aliment.  In  fadl,  it  is  only 
found  in  confiderable  quantity  in  the 
bones.  It  is  equajly,  certain,  that  neither 
this  compound  fait,  nor  any  of  its  conftita- 
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ents,  as  far  as  we  know,  excepting  oxy- 
gene,  are  contained  in  the  vegetable  acids, 
oils,  faccharine  matter,  or  vegeto- animal 
gluten,  in  which  Dr  Cullen  fuppofed  he 
had  found  the  whole  of  the  nutriment,  or 
conftituent  principles  of  animal  bodies* 
We  are  almoll  reduced  to  the  conclufion, 
that  the  phofphate  of  lime  is  formed  in 
the  animal  fyftem.  And  admitting  this, 
we  are  ftill  involved  in  the  greateft  diffi- 
culty,  in  order  to  accoufit  for  the  intro- 
duction of  its  principles  into  the  body. 
The  phofphoric  acid,  one  of  its  conflitu- 
ents,  abounds  in  the  animal  fyftem.  It  is 
found  in  the  urine,  and  other  fluids,  uni- 
-  tedjwith  different  bafes,  as  foda,  ammoniac, 
and  lime.  It  is  alfo  found 'in  the  difen- 
gaged  ftate,  its  prefence  having  been 
frequently  detedled  in  the  flomach.  This 
circumftance  of  the  uncombined  phof- 
phoric acid  being  found  in  the  body,  feems 
to  warrant  the  conclufion,  that  it  recei- 
ved  its  origin  as  an  acid  there*  But  in 
this  cafe,  we  are  totally  at  a  lofs  to  ac- 
count for  the  introdu6:ion  of  the  phofpho- 
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rus,  from  which  it  muft  be  produced^  un- 
lefs  it  may  be  fuppofed  ■  that  phofphorus 
itfelf  is  not  a  fimple  fubftance,  but  form- 
ed of  conftituents  with  which  we  are  yet 
unacquainted.  We  are  equally  at  a  lofs 
to  account  for  the  introdudlion  into  the 
fyftem,  of  the  lime,  the  bafis  of  this  fait  5 
becaufe  we  do  not  conceive  that  it  can 
be  found  in  fuch  quantity  in  any  alimen- 
tary matter,  as  to  produce  fo  large  a 
portion  as  muft  be  daily  forming  in  the 
fyftem,  the  quantity  of  which  we  can  in 
fome  degree  eftimate,  from  our  knowr 
ledge  of  the  quantity  daily  carried  off  in 
the  excretions.  With  refped:  to  the  iron 
that  is  found  in  all  the  red-blooded  ani- 
mals, and  in  a  very  great  proportion  of 
vegetables,  it  is  now  a  very  generally-re- 
ceived opinion  among  chemifls,  that  it 
derives  its  origin  from  the  vegetating  and 
animalizing  procefTes.  Of  the  faline  mat- 
ters, it  is  highly  probable  that  the  ammo-  ' 
niac  is  formed  in  the  animal  fyftem. 
Mankind  indeed  may  receive  a  fmall 
quantity  of  this  fait  in  the  juices  of  other 
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animal  matters.  But  the  greater  propor- 
tion of  the  ammoniacal  fait  contained  in 
the  animal  matters  which  we  employ  as 
aliment,  muft  be  either  decompofed  or 
feparated  in  the  various  methods  of  pre- 
paring our  food.  That  a  conliderable 
quantity  of  ammoniac  muft  therefore  be 
continually  forming  in  the  animal  fyftem, 
feems  clear  ;  and  this  muft  more  efpecially 
be  the  cafe  in  thofe  of  the  inferior  orders, 
which  are  wholly  nouriftied  by  vegetable 
matters.  There  is  alfo  fome  reafon  to 
fufpedt,  as  we  have,  formerly  hinted,  that 
foda  is  formed  in  the  animal  fyftem.  We 
find  it  united  with  oil  and  mucus  in  the 
bile,  and  it  is  alfo  found  in  fome  other 
of  the  animal  fluids.  Nor  can  we  fuppofc 
that  this  alkali  is  furnifhed  by  the  muriate 
of  foda,  which  we  employ  as  a  condi- 
ment, becaufe  it  is  alfo  found  in  the  bile 
and  other  fluids  of  various  animals,  who 
never  receive  any  of  the  muriate  of  foda. 
We  muft  therefore  conclude,  that  this 
fait  alfo  is  formed  by  the  animalizing  pro- 
cefs. 

In 
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In  attempting  to  account  for  the  man- 
ner in  which  the,  daily  wafte  of  the  lyf- 
tern  is  fuppUed  by  new  matter,  we  muft 
not  wholly  confine  ourfelves  to  the  digef- 
tive  procefs.  In  treating  upon  refpiration, 
we  have  obferved,  that  it  is  doubtful 
whether  one  of  the  conftituents  of  the 
body,  viz.  oxygene,  is  not  received  du- 
ring the  refpiratory  procefs.  And  it  has 
never  been  determined,  whether  particular 
fubftaiices  may  not  be  inhaled  by  the  ab- 
forbent  yelTels  on  the  furface  of  the  body. 
In  diabetes,  it  is  generally  admitted,  that 
a  very  confiderable  abforption  takes  place 
by  thefe  veffels.  This,  indeed,  confti- 
tutes  difeafe.  But  it  is  not  unreafonable 
from  hence  to  infer,  that  in  the  healthy 
ftate  an  .abforption  may  alfo  be  continu- 
ally going  on,  and  by  which  the  body 
may  be  fupplied  with  fome  of  its  confti- 
tuent3.  This  fuggellion  may  in  fome  de- 
gree be  fupported  by  analogy,  drawn  from 
the  vegetable  kingdom.  It  is  very  gene- 
rally fuppofed,  that  vegetables  receive  a 

confiderable 
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confiderable  part  of  their  nutrition  from 
the  atmofphere  by  abforption. 

From  thefe  obfervations,  the  difficulties 
attending  the  folution  of  the  queftions 

-  which  we  have  ftated,  are  fufficiently  ob- 
vious. When  we  find  that  the  changes 
which  take  place  upon  the  alimentary 
matters  are  fo  great  and  various;  and 

'  that  thefe  changes  are  not  only  produced 
in  the  dlgeftive  procefs,  but  aifo  in  the 
blood,  and  perhaps  in  many  of  the  fecre- 
ting  organs ;  we  mufi  conclude,  that  it  is 
almofl  impoflible  to  point  out  the  parti- 
cular parts  of  any  animal  or  vegetable 
fubftance,  from  any  mode  of  examining 
the  conflituents  of  ^  that  fubflance^  or  the 
conftituents  of  the  animal  body  which  is 
nourifhed  by  it.  It  is,  indeed,  natural  to 
fuppofe,  that  animal  Ifubflances  will  fur- 
nifti  a  greater  quantity  of  nutritious  mat- 
ter than  vegetables  ;  and  that  it  will  be 
more  eafily  afTimilated  to  the  animal  body, 
becaufe  it  approaches  fo  nearly  in  its  na- 
ture to  that  body  which  it  is  employed  to 
fupport.  But  if  we  had  no  other  evidence 

that 
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that  animal  matters  are  more  capable  than 
vegetables  of  furnifliing  nutrition,  than 
merely  the  fimilarity  of  the  animal  matter 
to  the  body  which  receives  it,  we  fhoiild 
have  little  reafon  to  draw  fiich  a  conclu- 
fion :  Firft,  Becaufe  death  has  induced  a 
very  confiderable  change  upon  the  animal 
matter  which  we  employ  as  aliment ; 
and,  a  priori^  it  is  impolTible  to  deter- 
mine how  great  the  difference  may  be 
between  living  and  dead  animal  matter. 
Secondly,  The  animal  aliment  undergoes 
another  and  equally  important  change,  by 
the  various  modes  of  cookery  to  which 
it  is  fubjecled.  And  thirdly.  Animal,  as 
"  well  as  vegetable  matters,  appear  to  under- 
go a  total  decompofition  in  the  digeftive 
procefs.  From  thefe  fadls  it  is  clear,  that 
if  we  had  no  other  evidence  on  the  pointy 
we  could  not  determine,  that  of  equal 
quantities  of  animal  and  vegetable  fubftan^ 
ces,  the  one  would  furnifh  more  nutri- 
tious matter  than  the  other.  Both  ani- 
mal and  vegetable  fubftances  contain, 
though  in  different  proportigns,  the  con- 

flituents 
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ftituents  of  animal  bodies.  From  fimply 
confidering  their  nature  or  their  differ- 
ences, as  animal  and  vegetable  matters,  we 
fee  no  reafon  why  the  nutrition  proper 
for  nnian  might  not  be  extracted  from  the 
one  in  as  large  a  quantity  as  from  the  other, 
or  why  the  one  fhould  be  more  eafily  affi- 
milated  to  the  animal  body  than  the  o- 
ther.  The  conflituents  of  an  ox  do  not 
materially  differ  from  thofe  of  man  :  Yet 
we  fee  the  former  animal  may  be  fupport- 
ed  and  fatted  wholly  with  grafs,  a  vege- 
table which  will  aterd  very  little  nutrition 
to  man.  ,  By  other  modes  of  evidence  wc 
perceive,  indeed,  that  animal  fubftances 
contain  a  greater  quantity  of  nutritious 
matter,  and  are  more  eafily  allimilated 
than  vegetables.  If  equal  quantities  of 
any  animal,  and  the  moft  nutritious  vege- 
table fubftance,  are  received  into  the  flo- 
mach,  the  perfon  employing  them  will 
derive,  ctsteris  paribus^  a  greater  degree  of 
ftrength  and  vigour  from  the  ufe  of  the 
animal  than- the  vegetable  matter.  Here 
-  th.e  proof  depends  upon  a  fimple  and  ob- 
vious 
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Vious  fad.  Upon  the  fame  printiples  we 
may  in  fome  meafiire  afcertain  the  differ- 
ent proportions  of  nutritious  matter  fur- 
niflicd  by  the  various  animal  and  vege- 
table fubftances  which  are  employed  as 
articles  of  diet.  And  as  in  every  inftance 
it  will  be  found  that  animal  matters  give 
a  greater  degree  of  ftrength  and  vigour  to 
the  fyftem  than  vegetables,  we  may  juftly 
conclude,  that  aiiimal  matters  Contain  a 
greater  proportion  of  proper  nutrition  than 
vegetable  fub fiances.  It  may  however  be 
queftioned,  whether  a  larger  proportion  of 
vegetable  matterSj  efpecially  of  the  more 
nutritious^  will  not  communicate  as  great 
a  degree  of  vigour  to  the  fyflem  as  a  fmal- 
ler  quantity  of  animal  food,  and  particu- 
larly to  perfons  who  are  habituated  to  its 
ufe.  With  fome  reflridlions,  this  queflion 
fhould  probably  be  anfwered  in  the  affir- 
mative. Animal  matters,  however,  do  not 
only  contain  a  greater  proportion  bf  nutri- 
tious matter,  but  they  ate  alfo  more  eafi- 
ly  affimilated  to  the  animal  fyfl  em.  The 
proof  of  this  is  drawn  from  the  various 
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ftrndijre  which  fobtain^.  in  the  inteftincs 
of  the  carnivorous  and  phytovorous  ani- 
mals.    In  the  carnivorous  animals  v\^e 
find  only  ope.ftomach,  and  the  inteftines 
are  comparatively  Ihort.   The  phytiverous 
are  frequently  fupplied  with  two  or  more 
flomachs,  and  the  inteftiti^:3  are  extended 
to  a  great  length.    It  j^s  -evident  from  thefe 
varieties  in  the  ilrucflure -of  the  alimen- 
tary canal,  in  animals  which  are  deftined 
refpedively  to  live  on  thefe  diflferent  fpe- 
cies  of  aliment,  that  animal  matters  are 
digefledin  a  fliorter  period  than  vegetables. 
The  inteftines  in  man  are  of  a  medium  pro- 
portion between  thofe  of  the  merely  her- 
biverous  and  carnivorous  animals  :  And 
this  ftrudlure  indicates,  along  with  other 
fads,  that  nature  has  defigned  both  ani- 
mal and  vegetable  matters  to  be  employ- 
ed as  the  aliment  of  mankind.    It  ought 
however  to  be  remarked,  that  other  rea- 
fons  have  been  afTigned,  befide  this  that 
we  have  juft  mentioned,  for  the  peculia- 
rities in  the  ftrudure  of  the  inteftines  of 
thofe  animals  which  refpedively  Uve  upon 

animal 
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^  animal  and  vegetable  diet;  It  has  been 
fuppofed,  that  the  fhortnefs  in  the  one  cafe^ 
and  the  length  in  the  other,  are  defigned 
to  counteract  certain  inconvenienci^s  which 
attend  the  fseces  produced  from  the# 
different  kinds,  of  aliment.  In  particulal*; 
SLS  the  faeces  in  man  and  the  carnivorous 
animals  are  extremely  foetid,  it  is  fuppofed 
that  they  have  fo  great  a  tendency  to  pu- 
trefaclio'n,  that  it  "^ouM  be  el'treriiely  in- 
convenient if  they  w^ere  long  retained  in 
the  body.  Hence  a  fhort  inteftine  is  pro- 
vided, to  facilitate  their  expulfion.  On 
the  other  hatidj'ai"^' Vegetable  diet  has  a 
confiderable  tendency  to  prod-ikcfe 'Ikxity, 
perhaps  from  various  caufes,  it  is  alledged, 
that  the  length  of  the  inteftines  in  phyto- 
vorous-  animals  is  defigned  to  prevent  the 
alimentary  matters  frona  being  too  rapidly 
carried  off,  arid'  confequehtly  "to  allow  a? 
fufficient  period  for  the  feparation  and 
abforption  of  the  nutritious  matter.  Al- 
lowing thefe  arguments  their  full  force,  we 
may  alfo  reafohably  admit,  that '-?h^  length 
pf  >  the  inteftines  in  different  animals  is 
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glfo  proportioned  to  the  eafy  or  dlfficulc 
affimilation  of  the  aliment  which  they 
are  defigned  to  employ. 

In  attempting,  then,  to  afcertain  what 
particular  parts  of  any  fubftance  are  ex- 
tradled  as  nutritious  matter,  we  find  our- 
felves  totally  at  a  lofs.    We  obferve,  that 
a  chemical  decompofition  of  the  alimen- 
tary matters  takes  ,place,  and  that  new 
combinations  are  formed  in  the  ftomach 
t)y  the  agency  of  the  gaftric  and  other 
fluids,    When  the  aliment  is  propelled 
antp  the  inteflines,  it  undergoes  a  farther 
change,  by  being  mixed  with  the  bile,  and 
the  other  fluids  which  are  there  fecreted. 
New  combinations  are  alfo  there  formed, 
with  the  nature  of  which  we  are  by  no 
means   acquainted.     After  thefe  altera- 
tions have  taken  place,  the  chyle ,  is  ex- 
tradled  from  the  general  mafs,  and  abfor- 
bed  by  the  Meals;  and  with  refpedl  to 
the  nature  of  this  fluid,  we  poflefs  fcarcely 
any  information.    >When  the  chyle  is 
mixed  with  the  blood,  it  isi  deftined  to 
undergo  other  modification?,  of  the  na- 
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ture  of  which,  and  the  mode  of  operation 
by  which  thefe  alterations  are  produced, 
we  are  entirely  ignorant.  Befide  all  this, 
various  alterations  are  taking  place  in  the 
different  fecreting  organs  ;  and,  as  we 
have  recently  obferved,  a  number  of  fub- 
fiances,  fome  of  which  are  known  to  be 
compounds,  and  others  which  at  prefent 
are  confidered  as  fimple  bodies,  appear  to 
receive  their  origin  by  unknown  opera- 
tions carried  on  in  the  animal  ceconomy. 

On  a  fubjedl  fo  completely  involved  in 
obfcurity,  there  is  abundant  room  for 
forming  hypothefes.  But  as  from  thefe 
no  pofTible  benefit  can  refult,  I  fhall  de- 
dine  the  tafk.  We  have  dwelt  thus  long 
upon  ^his'fubjedl,  to  Ihew  the  infiiperable 
diflGculties  under  which,  in  the  prefent 
flate  of  our  knowledge,  it  labours.  With 
refpedt  to  the  firft  queftion.  What  is  the 
proper  nutritious  matter  by  which  animal 
bodies  are  fupported  ?  we  muft  content 
ourfelves  with  obferving,  >  that  the  various 
conftituents,  of  which  animal  bodies  arc 
formed,  are  extraded  from  the  'alimentary 

matters^ 
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^nauers,  and,  by  , the  different  ftages  of  the 
^.j^in^alizing  procefs,  already  mentioned 
are  applied  to  their  various  ufes  in  the 
body.  In  fome  cafes,  perhaps,  they  may 
be.'  received  in  a  compound  ftate,  and 
may  in  that  iorm .  be,  proper  for  imme- 
diate application  as  a  part  of  the  fyftem. 
In  other  cafes,  and  which  perhaps  arc 
the  mo  ft  frequent,  they  are  reduced  to 
more  fimple  principles,  and  enter  into 
new  combinations,  before  they  become  a 
pai't  of  the  animal  body  to  which  they 
are  aflimilated.  With  regard  to  the  ft- 
cond  qneftion.  What  fpecies  or  indivi- 
duals.' among  the  various  kinds  of  aiimenr, 
f ijirnilK  the  moft  proper,  or'  the-  largeft 
quantity  of  nutritious  matter'?'  It  appears 
that  we  have  no  data  by  which  to  decide, 
excepting  the  obvious  fads,  that  one  fub- 
ftance  is  more  eafily  digefted,  and  com- 
municates a  greater  and  more  lafting  vi^ 
gour  to  the  fyftem,  than  another.  And 
the  knowledge  of  thefe  fads  can  only  be 
derived  from  obfervation  and  experience. 
"7  Having  thus  briefly  gonfidered  the  na- 
ture 
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^  ture  and  efFeds  of  the  external  agents,  the 
acflion  of  which  appear  neceflary  fb^'the 
produdlion  and  continuance  of  Hfe,  we 
proceed  to  take  a  fhort  view  of  thofe^  in-- 
ternal  powers  which  operate  tipdn'  the 
organization,  and  by  which  the  pheno^ 

'  mena  of  life  are  fupported. 

Of  the  internal  agents,  we  firft  take 
notice  of  the  blood.  This  fubftatic^, 
which  forms  the  gen^-ai  mafs  df  the  cK 
culating  fl:\lids,  appeafi  chiefly  deflined 
to  ferve  two  offices  in  the  fyftem.  Firft, 
To  induce  a  farther  change  upon  the 
chyle,  or  nutritious  matter  received  from 
the  aliment;  and  in  the  cotiffe-^bf  the 
circulation,'  lb  depofite  this  new  matter 
in  every  part  of  the  body,  to  repair  the 
wafte  which  the  fyflem  is  perpetually 
fufFering,  and  to  furnifli  matter  for  the 
fecretion  of  various  fluids  neceflTai^  't^  th^ 
animal  GetO-tibmy,  fuck '  is  the  bile,— the 
fuccus  gaftricus— the  faliva,  &c.  Second- 
ly, To  ftimulate  the  heart  and  arteries, 
by  which  they  are  excited  to  adlion  ;  and 
hence  the  circulation  is  produced. 

The 
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The  conftituents  of  this  fluid  in  the 
healthy  ftate  have  of  late  years  been  afcer- 
tained  with  confiderable  accuracy ;  yet 
we  cannot  fay  that  much  information  has 
been  derived  from  thefe  inquiries,  with' 
refpedl  to  the  fitnefs  of  the  blood  for  ei- 
ther of  the  two  purpofes  we  have  men- 
tioned. The  coagulable  lymph,  or  fibre 
of  the  blood,  feeins  not  to  differ  in  its  na- 
ture and  qualities  from  the  matter  of  the 
mufcular  fibre.  Hence  we  may  conclude, 
that  it  is  a  fubftance  prepared  in  the  fan- 
guiferous  fy  ft  em,  to  fupply  the  wafte  of  thtf 
animal  fibre.  With  refpec^l  to  fome  other 
parts,  it  is  riot  eafy  to  determine,  whether 
they  are  defigned  to  be  depofited  in  any  part 
the  body,  or  whether  they  have  not  al- 
ready been  employed,  and  are  to  be  confi- 
dered  as  excrementitious,  and  intended 
to  be  carried  off  in  the  urine  and  perfpi- 
rable  matter.  Such,  for  example,,  are  the 
faline  matters  which  are  found  in  the 
blood,  as  the  muriate  of  foda,  and  the 

phofphates  of  foda,  ammoniac,  and  lime. 

But 
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But  without  entering  further  into  confi- 
derations  of  this  kind,  it  is  fufficient  here 
to  fliow,  that  the  blood  does  in  fadl  efFedl 
the  purpofes  we  have  mentioned.  With 
refpedl  to  the  firfl,  it  is  univerfally  ad- 
mitted, and  we  need  not  therefore  enter 
upon  any  particular  proof ;    it  will  be 
fufficient  to  obferve,  that  the  ftate  of  the 
organization  will  be  liable  to  confiderable 
variations,  in  proportion  to  the  quantity 
and  quality  of  the  nutritious  matter  con- 
tained in  the  blood.    The  formation  of  a 
proper  nutritious  matter  mufh  necelTarily" 
depend  on  the  previous  ftate  of  the  orga- 
nization, together  with  the  quality  of  the 
ingefta.    The  due  fecretion  of  the  gaftric 
and  other  fluids  employed  in  digeftion, 
the  formation  of  a  proper  chyle,  and  the 
further  animalizing  procefs  which  takes 
place  in  the  fanguiferous  fyftcm,  mufl 
depend  on  the  ft^te  of  the  folids.  Hence 
any  attempt  to  reftore  a  debihtated  fyftem 
muft  be  in  vain,  unlefs  we  can,  by  nutri- 
tious matters,  reproduce  a  healthy  ftate 
of  the  organization. 
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With  refped  to  the  fecond  ufe  of  the 
blood,  that  it  is  a  ftimulus  to  excite  the 
action  of  the  heart  and  arteries,  feems 
clear ;  firft,  becaufe  thefe  organs  are  evi- 
dently fufceptible  of  the  adlion  of  flimuli, 
as  they  are  abundantly  fupplied  with  the 
mufcular  and  medullary  fibre  ;  and  fe- 
condly,  becaufe  the  iifual  effe(5l  of  ftimuli 
is  produced  upon  the  heart  and  arteries, 
viz.  they  are  excited  to  adlion,  and  we 
perceive  no  agent  immediately  operating 
upon  them,  except  the  blood.-  We  rea- 
dily admit,  that  the  nervous  ftimuli 
have  alfo  a  confiderable  influence  on  the 
mufcular  fibre  of  thefe  parts,  becaufe  it  is 
well  known  that  the  fyftole  and  diaftole 
of  the  heart  become  more  or  lefs  frequent, 
in  a  given  period,  in  confequence  of  va- 
rious pafTions  of  the  mind.  In  thefe 
eafes  the  mental  energy  operates  on  the 
mufcular  fibre  of  the  fanguiferous  fyftem, 
through  the  medium  of  the  nervous 
ftimuli.  It  has  been  alfo  alledged,  that 
the  mufcular  fibre  of  the  heart  may  be 
fubjedled  to  the    determination  of  the 

will. 
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'will,  fo  as  to  become  in  fomc  degree  a 
voluntary  mufck.  This  in  particular  has 
been  aflerted  by  Fontana,  as  a  power 
which  he  himfelf  pofTefTes.  Whatever 
may  be  in  this,  it  appears  that  the  aclion 
of  the  heart  and  arteries  is  eflPecled  by  the 
joint  operation  of  the  nervous  ftimuli 
and  that  of  the  blood.  With  the  latter 
alone  we  are  at  prcfent  concern'^d. 

,  Variations  may  take  place  in  the  aclion 
of  the  heart  and  arteries,  from  two  caufes. 
Firft,  a  derangement  in  the  organization, 
by  which  the  fufceptibility  in  the  animal 
fibre  for  the  adlion  of  ftimuli  is  in  too 
great  a  degree  increafed  or  diminifhed. 
Of  the  former  we  have  evident  examples, 
in  many  cafes  of  difeafe,  in  which  we 
obferve  an  increafed  action  in  the  fangui- 
ferous  fyftem.  We  cannot  perhaps,  in 
any  of  thefe  cafes,  point  out  the  nature  of 
the  change  which  has  taken  place  in  the  or- 
ganization ;  but  in  every  inftance  it  is 
attended  with  univerfal  debility  in  the 
body.  Of  the  latter  we  have  examples  in 
many  cafes  of  diminiflied  aclion  in  the 

D  d  2  heart 
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heart  and  arteries,  and  in  fome  inftances 
we  can  clearly  point  ,out  the  nature  of 
that  change  which  has  taken  place  in  the 
organization,  and  by  which  it  has  become 
lefs  fufceptible  of  the  adlion  of  ftimuli 
than  is  neceiTary  for  the  healthful  ftate. 
The  oflifications  which   frequently  take 
place  in    old   age    in    the    valves  of 
the  heart,  and  in  the  large  blood-veffels 
as  they  enter  the  heart,  are  ftriking  ex- 
amples of  this  kind.    In  thefe  cafes  the 
proper  matter  of  the  animal  fibre  has  in 
the  ufual  courfe  been  carried  off,  and  its 
.  place  fupplied  by  ofTeous  matter,  a  fub- 
ftance  nearly  unfufceptible  of  the  a6^ion 
of  ftimuli.  Whenever  this  alteration  takes 
place  to  a  certain  extent,  the  circulation 
of  the  blood  is  prevented,  and  the  ani- 
mal fundlions  muft  entirely  ceafe.  Thofe 
inftances  in  which  the  mufcular  and  me- 
dullary fibre,  the  cellular  fubftance,  &c. 
are  changed  into  bony  matter,  furnifti  an 
additional  proof,  that  no  material  change 
takes  place  in  the  fyftem  without  the  or- 
ganization 
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'  ganization  having  undergone  fome  altera- 
tion. 

Secondly,  Variations  in  the  adlion  of  the 
heart  and  arteries  maybe  caufed  by  the  ftate 
of  the  blood.  That  this  fluid  may  be  fubjedl 
to  material  alterations  with  refpedl  to  its 
qualities,  cannot  be  denied  ;  and  from 
hence  conliderable  varieties  muft  follow 
in  its  ftimulant  power.  In  particular,  it 
may  be  fuppofed,  that  very  different  pro- 
portions,- of  the  faline  fubftances  which 
are  uniformly  foujid  in  the  blood,  may 
exift  in  it  at  various  periods  ;  and  hence 
its  qualities  as  a  ftimulant  may  be  in- 
creafed  or  diminiflied.  But  thefe  varia- 
tions in  the  conftituents  of  the  circula- 
ting fluids,  as  we  have  already  obferved, 
have  -been  fo  little  attended  to,  that  it  is 
impoflible  to  fpeak  of  them  with  aiiy  de- 
gree of  certainty. 

It  does  not  feem  pofllble  to  aflign  the 
caufe  of  the  ftimulating  quality  of  the 
blood.  Perhaps  we  ought  to  content  our- 
felves  with  obferving,  that  in  the  health- 
ful ftate  the  blood  is  a  niixture  exadlly 

fitted 
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fitted  by  nature  to  flimulate  the  organi- 
zation of  the  finguiferous  fyftcm.  The 
blood  is  preferved  in  a  proper  ftate  to  ef- 
fe6l  this  purpofe,  by  the  fupply  of  new 
matter  which  it  receives  from  the  ahment, 
and  by  the  change  which  takes  place  up- 
on it  in  the  procefs  of  refpiration.  That 
a  fupply  of  new  matter  from  the.  aliment 
is  neceffary  to  preferve  the  circulating  fluids 
in  the  healthful  ftate,  is  too  obvious  to  need 
proof  :  And  that«  the  procefs  of  refpira- 
tion is  equally  necefTary,  is  evident,  be- 
caufe  the  abftradlion  of  refpirable  air  for 
a  fliort  period  caufes  death.  In  this  laft 
cafe,  we  have  fo  ftriking  an  example  of 
the  blood  in  a  fliort  fpace  undergoing 
fome,  change,  by  which  it  is  rendered  in- 
capable of  ftimulating  the  fanguiferous 
fyftem,  that  it  may  not  be  improper  to 
add  a  few  obfervations  upon  the  fubjedl. 

We  have  already  obferved,  that  the  ef- 
fe(5ls  which  appear  to  be  produced  in  re- 
fpiration are,  firft,  The  Reparation  of  a 
quantity  of  carbonaceous  matter  from  the 

blood ; 
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blood  ;  fecondly,  The  evolution  of  heat ; 
and  thirdly,  A  change  in  the  colour  and 
qualities  of  the  blood  during  its  pafTage 
through  the  lungs.  But  can  we  fuppofe 
that  the  mere  retention  of  a  fmall  quanti- 
ty of  carbonaceous  matter  in  the  fyftem, 
or  the  diminution  of  fenfible  heat  in  the 
animal  body,  can  be  the  immediate  caufe 
of  fudden  death  during  the  abflra6tion  of 
oxygene  ?  It  mufl,  howev,er,  be  remark- 
ed, that  the  change  which  takes  place  in 
the  blood,  by  which  it  is  rendered  a  pro- 
per ftimulus  to  the  heart  and  arteries,  is 
certainly  in  part  efFecfted  by  the  abftrac- 
tion  of  carbonaceous  matter  ;  and  proba- 
bly that  change  is  alfo  in  a  great  meafure 
owing  to  the  continued  evolution  of  heic 
during  refpiration.  The  fenfible  heat  of 
the  fyftem  in  general  during  the  abftrac- 
tion  of  oxygene  for  fuch  a  period  as  will 
caufe  death,  is  not  fo  far  diminifhed  as  to 
produce  any  poflible  inconvenience.  Nay, 
in  fome  cafes,  as  in  fuffocation  by  the  car- 
bonic acid  gas,  it  appears,  that  the  fenfible 
heat  of  the  body  is  rather  increafed.  But,- 

according 
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according  to  the  experiments^  of  Dr  Craw-* 
ford,  it  appears,  that  the  relative  capaci- 
ties of  the  venous  and  arterial  blood  for 
receiving  heat  are  as  twenty  to  twenty- 
three.   By  the  alteration  then  which  takes 
place  on  the  blood  during  refpiration,  the 
arterial  blood  acquires  this  increafed  ca- 
pacity.   Now,  it  is  a  known  law  of  heat, 
that  if  two  bodies  of  different  capacities, 
and  at  different  temperatures,  are  brought 
in  contadl,  that  body,  the  abfolute  heat 
of  which  is  greateft,  will  raife  or  diminifh 
the  temperature  of  the  body  which  has 
the  leafl  capacity,  much  more  than  the 
latter  can  alter  the  temperature  of  the  for- 
mer ;  and  this  increafe  or  diminution  will 
be  jn  the  dire(5l  ratio  of  their  capacities. 
Now  the  blood,  during  its  paffage  through 
the  lungs,  not  only  acquires  an  increafed 
capacity,  or  has  its  abfolute  heat  aug- 
mented, but,  by  the  evolution  of  heat  in 
the  lungs,  its  temperature  or  fenfible  heat 
is  alfo  increafed ;  and  confequently,  on 
being  applied  to  the  heart,  it  muff  give 
out  a  much  greater  quantity  of  heat  than 

it 
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it  could  have  done  before  it  had  under- 
gone the  change  of  which  we  are  fpeak- 
ing.  It  muft  further  be  obferved,  that 
the  heat  thus  communicated  to  the  muf- 
cular  fibre  of  the  heart  by  the  blood  re- 
turned from  the  lungs,  is  not  merely  in 
proportion  to  the  refpedlive  temperatures 
or  fenfible  heat  of  the  blood  and  mufcular 
fibre,  but  alfo  to  the  enlarged  capacity  or 
abfolute  heat  of  the  blood.  We  niight 
proceed  to  illuftrate  this  fubjedl,  by  em- 
ploying numbers  to  denote  the  refpedlive 
temperatures,  and  relative  capacities  for 
heat,  of  the  mufcular  fibre,  and  the  ve- 
nous and  arterial  blood  ;  but  experiments 
are  yet  wanting  to  enable  us  to  employ 
the  numbers  which  really  exprefs  the  ca- 
pacities, and  perhaps  alfo  the  refpedlive 
temperatures.  I  fhall  therefore  content 
myfelf  at  prefent  with  fuggefting,  that 
there  is  the  higheft  degree  of  probability 
to  fuppofe,  that  the  qualities  which  the 
blood  acquires  during  its  tranfmifTion 
through  the  lungs,  by  which  it  is  fitted 
to  be  a  proper  flimulus  to  the  heart  and 

E  c  arteries, 
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arteries,  depends  on  the  abftradion  of  car- 
bonaceous matter,  and  the  quantity  of 
heat  which  it  becomes  able  to  give  out  to 
a  fubftance  of  a  lower  temperature.  And 
laftly,  As  we  have  obferved  that  the  im- 
mediate caufe  of  death,  when  produced 
by  the  abflracflion  of  oxygene,  is,  that 
the  blood  is  no  longer  a  proper  ftimulus 
to  excite  the  a(5tiou  of  the  heart  and  ar- 
teries ;  now,  if  what  we  have  here  fug- 
gefted  is  founded  on  fa(5ls,  it  will  follow, 
that  the  beneficial  effe6ls  derived  to  the  a- 
nimal  fyftem  mull  be  confined  to  the  can- 
fumption  and  carrying  off  the  carbona- 
ceous matter  and  the  evolution  of  heat ; 
confequently,  although  the  oxygenous  gas 
may  itfelf  ftimulate  the  lungs,  yet  it  is 
not  to  be  confidered  as  producing  this  ef- 
fe(5l  on  the  fyflem  at  large,  but  that  it  is 
the  chief  fource  by  which  the  fyftem  is 
fupplied  with  the  flimulus  of  heat, 

The  fexual  intercourfe  is  the  fecond  in- 
ternal power  which  we  have  mentioned. 
Though  not  effential  to  animal  life,  it  is 
^ibfolutely  neceflary  for  the  continuation 


OF  ANIMAL  LIFE.  2ig 

of  the  rpecies,  and  it  is  a  powerful  ftimulant 
to  the  fyftem.  The  mental  energy  in  this 
cafe  feems  to  co-operate  with  a  material 
ftimulus.  Excited  by  the  ideas  of  beauty, 
real  or  fuppofed,  in  a  particular  objedl, 
and  ftimulated  by  a  liquor  fecreted  from 
the  blood,  and  lodged  in  the  veficulie  fe- 
minales,  or  perhaps  exifting  in  the  blood 
man,  generally  fpeaking,  during  a  certain 
period  of  life,  feels  himfelf  under  the  in- 
fluence of  an  irrefiftible  impulfe.  The  ex- 
hauftion  which  follows  the  adlion  of  this 
power,  clearly  illuflrates  our  general  doc- 
trine, with  refped:  to  the  operation  of  fti- 
muli.  When  the  paifion  is  too  freely  in- 
dulged, it  is  a  well-known  caufe  of  uni- 
verfal  debility. 

The  third  internal  power  which  ope- 
rates upon  the  body,  is  mufculaf  motion. 
This  appears  to  be  abfolutely  eilential  to 
the  continuance  of  anuiial  life.   If  this  fti-^ 

The  late  Mr  John  Hunter,  in  oppofition,  I  believe,  to 
the  opinion  of  molt  anatomilts,  has  denied  the  previous  fe- 
cretion  of  the  fcmen. 
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mulus  does  not  a6l  in  a  fufficient  degreCj 
i.  e.  if  only  partially  abftraded,  difeafe 
certainly  follows :  which,  though  perhaps 
flow  in  its  progrefs,  infallibly  fhortens  the 
period  of  human  exiftence.  Examples  of 
this  kind  fall  daily  under  our  obfervation, 
in  people  whofe  lives  are  fedtntary,  whe- 
ther from  neceflity  or  habitual  indolence. 
The  contrary  extreme,  or  exceffive  labour, 
produces  a  fimilar  efFedl.  In  both  cafes,  a 
debilitated  ftate  of  the  organization  is  in- 
duced. 

It  is  not  our  intention  to  attempt  an  ex- 
planation of  the  caufe  of  mufcular  mo- 
tion, any  farther  than,  as  we  have  already 
oblerved,  that  mufcular  motion  obvioufly 
depends  on  the  nervous  ftimuli :  for  al- 
though contracSlions  can  be  produced  by 
the  a6tion  qf  mechanical  or  chemical  fti- 
muli, in  the  mufcular  fibre,  both  in  the 
living  ftate,  and  for  fome  time  after  the 
apparent  death  of  the  animal,  and  which 
contra6lile  power  is  not  poffeired  by  the 
medullary  fibre ;  yet,  as  we  have  already 
hinted,  all  the  motions  of  the  body  in  the 

living 
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living  ftate,  both  voluntary  and  involun- 
tary, depend  on  the  operation  of  the 
nerves,  which,  by  their  univerfal  diftri- 
bution  throughout  all  the  mufcles,  unite 
the  whole  into  an  indivifible  organized 
fyftem,  of  which  the  fenforium  commune 
is  the  central  point. 

We  would  not  wifli  to  decry  the  la- 
bours of  thofe  who  have  endeavoured  to 
afcertain  the  caufe  of  mufcular  motion; 
yet  it  ought  to  be  remarked,  that  every 
attempt  of  the  kind  has  hitherto  been  un- 
fuccefsful.     The  fuppofed  nervous  fluid, 
— an  invilible  xther,  —  and  eledlricity, 
have  all  been  in  vain  employed.  Nor 
does  the  very  fmgular  and  curious  influ- 
ence recently  difcovered  by  Galvani  feem 
to  throw  any  further  light  upon  the  fub- 
jedl*.    In  the  prefent  fl:ate  of  our  know- 
ledge 

•  The  following  quotation  is  given  merely  as  an  ex- 
ample to  what  extent  ingenious  men  can  indulge  themfclves 
in  fanciful  hypothefes^  **  Does  not  mufcular  contraftion, 
*'  or  intumefcence,  really  depend  upon  the  combination  of 
**  oxygene  with  hydrogene  and  azotCi"  (feparately  and 
combined  in  various  proportions),  **  in  confequence  of  a 

fort 
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ledge  at  lead,  we  muft  reft  fatisfied  vihh 
the  fimple  fadl,  that  fuch  a  power  of  mo- 
tion is  pofleffed  by  organized  matter ; 
and  that  this  motion  is  produced  by  the 
operation  of  ftimuli.  It  will  follow  then, 
that  the  proper  exercife  of  this  motion  de- 
pends upon  a  certain  ftate  of  the  organi- 
zation, and  the  operation  of  the  natural 
agents  in  due  proportion.  If  thofe  efTen- 
tial  ftiinuli,  heat,  air,  and  aliment,  are 
Jn  any  degree  abftradled,  a  proportionate 
degree  of  weaknefs  will  be  produced  in 

the 

**  fort  of  explofion  producecl  by  the  nervous  eleftriclty  ? 
**  Accordins^  to  tin's  hypothefis,  anim  1  motion,  at  leafl 
*'  that  of  animals  analogous  to  man,  would  be  produced 
*'  by  a  very  beautiful  pneumatic  machinery  ;   and  our 

nervous  and  mufcular  fyftems  may  be  confidered  as  a 
*•  fort  of  fteam  engine.  This  hypothefis,  though  not  per- 
*'  h^ps  at  this  moment  capable  of  ftrift  proof,  is  extremely 
*'  probable,  fince  it  is  countenanced  by  every  obfervatlon 

and  experiment  yet  made  on  the  fubjeft.'  Vid.  Obfcr- 
vations  on  the  nature  and  cure  of  Calculus,  &c.  by  Dr 
Beddoes,  page  258.  Can  any  one  ferioufly  believe  that  an 
ttblojion  of  oxygene  and  hydrogene  takes  place  in  every  in* 
ftauce  of  mufcular  contraftion  ?  /Vt  the  beginning  of  the 
prefent  century,  the  human  frame  was  fuppofed  to  be  a 
hydraulic  macliine.  We  are  now^  changed  into  ftcam-cii' 
gines,  or  perhaps  into  pneumato-chemical  apparatus. 
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the  organization,  and  the  power  of  mo- 
-  tion  is  confiderably  diminifhed.  It  is  e- 
qually  true,  that  the  abflradlion  of  thefe 
ftimuU  to  a  certain  degree  will  produce 
the  mod  violent  fpafms  and  convullions, 
i.  e.  morbid  nnufcular  motion.  Thefe 
irregular  motions  of  the  mufcular  fibre, 
evidently  depend  on  a  debilitated  ftate  of 
the  organization,  produced,  in  this  cafe, 
by  the  abitrac^ion  of  ftimuli.  A  well 
known  facfl,  which  is  every  day  feen  in 
the  fhambles,  will  clearly  illuftrate  this 
point.  When  an  animal  is  put  to  death 
by  the  abftradlion  of  blood,  its  life  termi- 
nates in  ilrong  convulfions.  Here  the  ir- 
regular motion  of  the  mufcular  fibre,  is 
a  confequence  of  that  debility  which  is 
induced  by  abftradling  the  ufvial  ftimu- 
lus  of  the  blood. 

But  as  the  power  of  motion  in  the  muf^ 
cular  fibre  is  diminifhed  in  proportion  to 
the  abftradion  of  the  ufual  ftimuli,  and 
is  totally  deftroyed  if  thefe  ftimuli  entirely 
ceafe  to  adl  upon  the  body  ;  fo  alfo  that 
power  of  motion  may  be  diminiflied  and 

deftroyed. 
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deftroyed,  by  the  fame  ftimuli  a(5ling 
with  too  great  force,  or  by  the  more 
powerful  artificial  ftimuli,  as  alcohol, 
opium,  &c.  when  operating  to  a  certain 
extent.  In  this  cafe  debility  is  induced 
as  well  as  in  the  former.  The  body  in 
the  firft  inftance  may  be  more  highly  ex- 
cited, and  the  animal  fibre  may  acquire 
a  greater  degree  of  vigour  by  the  excefiive 
adlion  of  ftimuli  ;  but  in  the  ultimate  ef- 
fedls  we  can  obferve  no  material  differ- 
ence in  the  debilitated  ftate  of  the  organi- 
zation produced  by  the  exceffive  adlion 
or  abftradlion  of  ftimuli. 

The  principal  point,  however,  to  which 
we  are  here  to  attend,  is,  that  the  mufcu- 
lar  motion  itfelf,  by  whatever  means  pro- 
duced, is  a  ftimulus  to  the  fyftem  in  gene- 
ral. The  operation  of  this  power  is  ne- 
cefTary  to  effedl,  in  a  due  proportion,  all 
the  fecretions  and  excretions  of  the  body. 
Hence  mufcular  motion  is  eflential  to 
the  healthful  ftate,  and,  like  every  other 
ftimulus,  its  exceflive  adlion  is  well  known 
%D  be  injurious.    Whether  any  unknown 

change 
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cliange  takes  place  on  the  animal  fibre  by 
a  too  much  increafed  or  diminifhed  muf- 
cular  motion,  it  is  impoflible  to  determine. 
But  it  is  fafiiciently  obvious,  that  a  mate- 
rial alteration  muft  take  place  in  the  or- 
ganization, from  too  great  an  increafe  or 
diminution  in  the  fecretions  and  excre- 
tions which  neceflarily  follow  an  extreme 
or  diminifhed  mufcular  a(5tion.  By  the 
firft,  the  body  is  deprived  too  rapidly  of 
matter;  and  by  the  fecond,  thofe  fub- 
ftances  which  have  performed  their  des- 
tined ufe,  and  which  ought  to  be  carried 
off,  are  detained  in  the  fyftem. 
The  fourth  and  laft  of  the  internal  powers 
which  operate  upon  the  body,  ig  the  men- 
tal energy.  In  every  adlion  of  life  the  in- 
fluence of  mirid  upon  the  body  is  percep- 
tible, and  the  moft  material  alterations  are 
produced  on  the  organization  by  the  ope- 
ration of  the  more  violent  mental  paf* 
fions. 

It  is  not  our  bufinefs  to  inftitute  an  in- 
quiry relative  to  the  nature  either  of  the 
mind  itlelf,  or  of  that  intimate  connec- 

F  f  tion 
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tion  which  fubfifls  between  it  and  the  bo- 
dy. I'hat  the  greater  part  of  our  mental 
perceptions  are  derived  from  impreflions 
made  by  external  objedls,  and  conveyed 
to  the  mind  by  the  organs  of  fenfation,  is 
fufficiently  evident ;  and  that  the  mind 
rea(5ls  upon  the  bodily  organization  is 
equally-  obvious.  The  continued  exer- 
tion of  the  mental  energy  is  neceffary  to 
produce  the  adlioh  of  all  the  voluntary 
mufcles.  -  Hence  it  feems  clear,  that  the 
mental  energy  operates  as  an  exciting 
power  or  ftimulus  to  the  bodily  organiza- 
tion. 

That  exercife  of  the  mental  power 
which  is  termed  thinking,  is  evidently 
ftimulant  to  the  material  organization. 
The  exercife  of  this  funcflion  will  protradl 
the  waking  ftate,  even  when  the  body  is 
much  exhaufted  by  labour.  Thinking, 
however,  like  every  other  ftimulus,  pro- 
duces that  change  on  the  organization 
which  renders  the  body  lefs  fufceptible  of 
the  a6lion  of  ftimuli.  The  univerfal  laf- 
filude  which  follows  fevere  ftudy,  and 

which 


s 


OF  ANIMAL  LIFE.  227 

which  has  been  experienced  by  every  per- 
-  fon  capable  of  intenfe  thinking,  fuffi- 
ciently  exemplifies  this  obfervation.  But 
the  continued  exertion  of  this  function 
will,  like  every  other  ftimulant  power, 
produce  that  degree  of  debility  in  the  a- 
nimal  body,  by  which  it  becomes  fo  much 
fufceptible  of  the  a(fiion  of  the  various 
agents  as  to  conftitute  the  morbid  flate. 
Hence  morbid  watchfulnefs  may  be  pro- 
duced by  intenfe  thinking.  The  faculty 
of  thinking  appears  then  to  be  capable  of 
producing  very  material  alterations  in  the 
flate  of  the  animal  fibre.  When  exercifed 
in  a  moderate  degree,  it  gives  energy  to 
the  fyftem  ;  but  if  its  acflion  is  too  much 
increafed,  it  will  produce  all  the  various 
ftages  of  debility,  and  will  not  only  ac- 
celerate the  dellruclion  of  the  fyflem,  but, 
perhaps,  if  adling  in  a  very  high  degree, 
may  produce  fudden  death. 

But  it  is  in  the  more  powerful  effects 
upon  the  bodily  organization  produced 
by  the  flronger  pafiions,  that  we  can  dif- 
cern  the  extraordinary  influence  of  the 
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mental  energy  upon  the  body,  and  are, 
in  fome  degree,  enabled  to  afcertain  the 
nature  of  its  operation.  The  paffions  are 
naturally  divided  into  two  kinds :  They 
have  been  termed  the  exciting  and  the 
fedative  pafTions.  Of  the  firft  kind  are, 
confidence,  hope,  joy,  love,  anger,  and 
hatred.  Fear,  forrow,  'grief,  and  defpair, 
are  of  the  fecond  kind.  It  will  be  gene- 
rally admitted,  that  the  firft  clafs  ftimu- 
late,  or  produce  a  temporary  energy  in  the 
fyflem  ;  and  it  is  certain,  that  their  con- 
tinued adlion  exhaufls  or  debilitates  the 
body,  if  operating  in  an  exceffive  degree, 
they  are  capable  of  fo  far  deranging  the 
organization  as  to  produce  death.  Th^ 
effedls  of  exceflive  joy  or  anger  in  this 
refpecft,  are  too  well  Icnown  to  need  esfem-? 
plification, 

The  depr effing  paffions,  on  the  other 
hand,  immediately  debilitate  the  organi-^ 
zation.  The  effeds  of  fear  or  grief,  if 
arifing  to  any  confiderable  degree  upon 
the  human  body,  are,  lofs  of  appetite,  in-r 
digellion,  and  other  fymptoms  of  dyfpep^ 
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{la,  diarrhoea,  and  that  degree  of  debility 
which  produces  the  morbid  watchful 
ftate.  The  fyftem  alfo  becomes  more 
fufceptible  of  the  adlion  of  deleterious 
powers,  as  the  contagion  of  typhus,  8cc, 
The  fame  total  derangement  of  the  orga- 
nization follows  the  exceflive  operation  of 
thefe  paflions,  as  well  as  the  former  clafs. 
Thus  exceflive  fear  or  grief  has  often  pro- 
duced death. 

It  has  been  alledged,  that  the  depref- 
ling  paflions  are  only  a  diminution  of 
the  exciting  paflions,  not  emotions  of  an 
oppofite  nature  *  :  That  they  are  there- 
fore to  be  conlidered  as  weak  ftimuli,  and 
that  their  operation  upon  the  body  is  the 
fame  as  the  abftradlion  of  the  neceffary 
ftimuli.  This  opinion  is  inadmiflible ; 
Firft,  Becaufe,  as  we  have  formerly  ob- 
ferved,  no  power  can  be  confidered  as  fti- 
mulant,  unlefs,  when  operating  in  a  cer- 
tain degree,  it  has  the  effect  of  producing 
energy  in  the  fyftem.  But  fear  or  grief, 
operating  in  any  degree,  produce  debility. 

Secondly! 

*  Vi4.  Element.  Med.  Brun, 
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Secondly,  It  is  manifeftly  abfurd  to  fup- 
pcfe,  that  grief  is  merely  the  abftra(5lion 
of  joy,  or  fear  of  confidence.  We  cannot 
avoid  perceiving,  that  the  deprefling  paf- 
fions  are  not  mere  abftradtions  of  ftimu- 
lant  agents,  but  are  rather  powers  which 
operate  with  confiderable  force,  diredlly  in- 
ducing debiUty  in  the  fyftem.  This  clafs 
of  pafiions,  therefore,  muft  be  confidered 
as  fed ative  powers  ;  and  the  convi6lion  that 
they  arc  fuch,  naturally  leads  us  to  con- 
clude, that  there  are  other  fubftances  in 
uature -which  alfo  produce  a  diredlly  fe- 
dative  efftdl  upon  the  body.  Such,  per- 
haps, is  the  marfli  miafmata,  and  the 
contagion  of  typhus. 

In  the  profecution  of  this  Effay  we  have 
feen,  that  the  human  body,  though  form- 
ed of  matter  under  various  modifications, 
pofFelTes  a  ftriking  fimilarity  in  the  or- 
ganization of  all  its  parts.  Tlirough  the 
union  of  thefe  parts  by  the  univerfal  diC 
tribution  of  the  nerves,  a  complete  and 
indivifible  fyftem  is  formed.  And  fuch 
i$  the  unity  of  the  body,  that  no  power 
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can  poffibly  operate  upon  any  part  of  it, 
without,  in  a  greater  or  lefTer  degree,  af- 
feding  the  whole. 

The  body,  thus  formed,  appears  to  be 
fufceptible  of  impreflions  from  a  great  va- 
riety of  agents.  A  particular  fet  of  thefe, 
which,  we  have  flyled  the  natural  or 
healthful  agents,  by  their  operation  upon 
the  body,  produce  the  phenomena  of  life. 
This  fufceptibility  of  impreffions,  which 
we  obferve  in  the  body,  we  are  conftrain- 
ed  to  afcribe  to  its  peculiar  organization. 
Every  attempt  hitherto  made  to  afcertain 
the  caufe  of  this  fufceptibility,  has  failed. 
The  utmoft  extent  of  our  knowledge  upon 
this  fubje(5l,  appears  to  be,  that  life,  and 
all  its  various  phenomena,  are  produced 
by  the  adlion  of  the  healthful  agents  upon 
matter  peculiarly  organized. 

The  continuance  of  life,  and  the  pre- 
fervation  of  the  healthful  ftate,  appear  to 
depend  upon  the  natural  agents  a<fting  in 
a  degree  proportioned  to  the  ftate  of  the 
organized  matter.  If  thefe  agents  are 
partially  withdrawn,  a  debilitated  ftate 
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of  the  organization  is  produced,  in  pro- 
portion to  the  extent  and  period  in  which 
thefe  healthful  powers  are  abftra(5led.  Tn 
all  thefe  cafes  we  fee  a  progrefBve  debility- 
taking  place,  which  finally  terminates  in 
death.  The  fame  effedt  is  produced  by 
the  total  abflradion,  for  a  very  fhort  pe- 
riod, of  all  or  any  of  thofe  agents,  the 

.  operation  of  which  is  effential  to  the  con- 
tinuance of  life,  fuch  as  heat,  air,  and  a- 

-liment. 

The  fame  healthful  flimuli,  a6ling  in 
too  great  a  proportion,  produce  a  de- 
.  rangement  of  the  organization,  which  is 
alfo  marked  by  debilityy  and  which  will 
alfo  terminate  in  death.  But  this  is  al- 
ways preceded  by  an  apparently  inereafed 
'vigour  in  the  fyllem,  unlefs  the  action  of 
the  flimuli  is  in  an  exceflive  degree.  In 
this  lafl  inflance,  i.  e.  when  the  flimuli 
a6l  in  an  exceflive  degree,  death  is  fpeed- 
ily,  and  in  fome  cafes  inflantaneoufly,  in- 
duced. 

The  debilitated  flate  of  the  organiza- 
tion, whether  produced  by  the  abftra^lion 

or 
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or  exceflive  adion  of  the  natural  agents, 
'  or  of  the  artificial  ftimuli,  differs  not  in 
its  nature.  Though  produced  by  thefe 
oppofite  caufes,  it  can  only  be  removed 
by  the  fame  means,  viz.  employing  the 
healthful  and  artificial  agents  in  a  due 
proportion.  The  diftindlion,  therefore, 
between  dired:  and  indiredl  debility,  feems 
not  to  be  founded  in  nature. 

When,  by  the  due  a(5lion  of  the  natu- 
ral agents,  the  body  has  acquired  its  high- 
eft  ftate  of  vigour,  i.  e.  during  the  period 
of  manhood,  the  organization  becomes 
lefs  fufceptible  of  the  adlion  of  many  fti- 
muli. This  arifes  merely  from  the  vigo- 
rous ftate  of  the  animal  fibre.  Habit 
may  alfo,  for  a  fhort  period,  inure  the 
body  to  the  acflion  of  certain  ftimuli,  fa 
as  to  render  it  neceflary  to  employ  a  lar- 
ger proportion,  in  order  that  the  ufual 
e£fe(5l  may  be  produced.  But  the  animal 
fyftem  cannot  be  habituated  to  the  ex- 
ceflive  adlion  of  any  ftimuli.  If  their  o- 
peration  is  increafed  in  any  degree  be- 
yond what  is  ^bfolutely  rec^uired  to  pre- 
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ferve  the  healthful  flate,  debihty  muft  be 
induced.  In  old  age,  man  becomes  more 
fufceptible  of  the  adlion  of  powerful  fti- 
mnli  than  in  middle  life.  Hence  the  fup- 
pofition,  that  in  advanced  life  an  increa- 
fed  proportion  of  the  artificial  flimuli  be- 
comes neceftary,  appears  to  be  ,  without 
foundation. 

During  the  progrefs  of  life,  we  obfervc 
various  modifications  taking  place  in  the 
animal  fibre,  by  the  operation  of  the 
healthful  agents.  From  infancy  to  man- 
hood the  wafte  of  the  fyftem  is  repair- 
ed,— the  animal  fibre  is  recruited, — the 
matter  of  the  body  is  increafed, — and  a 
firm  vigorous  organization  is  produced, 
by  the  operation  of  the  natural  agents, 
particularly  aliment.  From  manhood  to 
old  age  another  change  progreflively  takes 
place.  The  animal  fibre  becomes  daily 
lefs  fufceptible  of  receiving  new  matter, 
till  at  length  it  is  fo  far  deranged  that  it 
cannot  derive  nutrition  from  the  aliment* 
The  adlion  of  the  fame  powers  which, 
from  infancy  to  manhood,  had  increafed 
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the  vigour  of  the  bodily  organization,  du- 
ring the  fucceeding  period  produces  de- 
cay, and  their  continued  operation  finally 
cxhaufts  the  fyftem,  and  iffues  in  death. 

From  the  fubjeds  on  which  we  hav^ 
treated,  niany  important  deductions  might 
he  drawn  relative  to  medical  pradlice ; 
but  this  would  lead  us  beyond  the  bounds 
we  have  prefcribed.  It  naay,  however^ 
be  remarked,  that  the  indivifibility  of  the 
body  feems  to  defer ve  the  moil  particular 
attention  in  the  cure  of  difeafes.  It  is  a-* 
lone,  by  attending  to  this  fadl,  that  we 
can  properly  diftinguifh  between  general 
and  local  difeafes.  It  may  be  fufpe(fled, 
that  in  many'  cafes  local  remedies  are 
employed  and  depended  on  when  the  com- 
plaint is  truly  general,  and  can  only  be 
X  removed  by  producing  a  healthy  ftate  in 
the  organization  of  the  whole  fyftem. 

That  much  more  is  to  be  expedled  in 
the  cure  of  difeafes  from  diet  and  other 
regimen,  than  from  medicine,  is  general- 
ly admitted.  ■  It  cannot,  however,  be  de- 
nied, that  this  maxim  is  not  fufficiently 
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attended  to  in  the  pradice  of  medicinei 
From  a  due  application  of  the  healthful 
agents  the  moft  important  changes  may 
be  produced  in  the  animal  body.  To  the 
operation  of  thcfe  agents  alone  can  we 
look  for  the  cure  of  all  difeafes  of  debili- 
ty, and  which  include  the  greater  part, 
if  not  the  whole  lift  of  maladies  to  which 
human  nature  is  fubjedl.  In  no  cafe  of 
general  difeafe,  and  there  are  few  others, 
can  a  cure  be  expected  from  medicine  a- 
lone,  without  a  due  attention  to  the  diet 
and  other  regimen ;  but  there  are  many 
cafes  in  which  the  letter  may  remove  di{^ 
cafe  without  affiftance  from  the  former. 
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